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ABSTRACT 
IRRIGATION AND NON-IRRIGATION ALTERNATIVES FOR 
REDUCING SUGAR CANE TRANSPORTATION COSTS IN 
SANTA CRUZ, BOLIVIA 
by 
Lee M. Bailey, Master of Science 
Utah State University, 1972 
Major Professor: Dr. E. Boyd Wennergren 
Department: Agricultural Economics 
vii 
The major objective of this study was to investigate various alter-
natives for lowering the cost of transporting sugar cane in Santa Cruz, 
Bolivia. These alternatives included both irrigation and non-irrigation 
possibilities. Production costs for sugar cane were determined by using 
studies completed by the USAID-Utah State University Study Team, budget 
studies of Senor Carlos Castro of the Guabira' sugar cane mill in Santa 
Cruz and a study undertaken by Senor Enrique Gomez, a graduate student 
at Utah State University. 
A cane registry commissioned by the National Sugar Cane Commission 
was used in conjunction with a least-cost transportation model in order 
to determine a least-cost distribution system for the transport of 
existing sugar cane production. This model was also used to investigate 
various alternatives for reducing transportation costs to the producers. 
Analysis of the least-cost transportation studies showed that over 
$bl,OOO,OOO could be saved in transportation costs if "zones of influence" 
were established for each of the existing mills. Other feasible alter-
viii 
natives were to close the San Aurelio mill and increase the capacity of 
La Belgica and Guabira' by 25 percent and the development of irrigation 
projects from rivers in the southern region capable of irrigating 2137 
hectares of sugar cane. 
(106 pages) 
INTRODUCTION AND OBJECTIVES 
Santa Cruz is a large state in the South-western part of Bolivia. 
It has a semi-tropical climate with a wide range of. soil types and native 
plant growth. Agricultural development, on a large scale, started in 
Santa Cruz in 1949. Sugar cane was the first crop to be cultivated in 
the region on a commercial basis. 
Sugar cane production is a very important enterprise in Santa Cruz 
and has shown a steady increase. In 1949, only 249.3 metric tons were 
produced. In 1970, 109,543.2 metric tons were produced. However, in 
1971, ·production fell to 67,737.7 metric tons. This represents a 45 
percent reduction in production from the preceding year and is the first 
time since 1949, that cane production has shown a decline. 
Many reasons have been given for the drastic production decrease in 
1971. These include such things as: inferior plant varieties, intensive 
exploitation of the soil, plant diseases, non-appl ication of fertilizer, 
poor conservation practices, relative profitability of cane as compared 
to cotton, and a prolonged drought which has affected the whole Santa 
Cruz area. 
The production of sugar cane has largely shifted to the northern 
regions of Santa Cruz. This area is the best suited for sugar cane 
production. It has the best soils for growing sugar cane and the drought 
has been less severe in this region. However, this northward shift of 
production has had economic consequences related to processing the cane. 
There are three sugar cane mills in the Santa Cruz area; one is near 
Santa Cruz, one is 30 kilometers to the north near Warnes and the third 
is 55 kilometers to the north of Santa Cruz near Montero. As production 
has shifted to the north, the distances that the producers must transport 
cane has steadily increased. The high cost of transporting cane to the 
mills from these distant areas has put the farmers in a profit squeeze. 
The region between Santa Cruz and Montero has traditionally been 
the sugar cane producing area. The traditional growers reside in this 
area. However, many of the traditional growers have changed from the 
production of sugar cane to the production of cotton because of the 
intensity of the drought in this region, the low fertility of the soil 
and a rise in the price of cotton. Cotton has proved to be more adapt-
able than sugar cane, to the drought conditions and the low fertility of 
the soil in this region. This situation is in large part responsible 
fo r the drastic production decreases which occurred in 1971. 
In order to insure the continued viability of the sugar industry in 
Santa Cruz, several possible alternatives need to be explored. Among the 
alternatives which might improve the cane producing-processing situation 
in Santa Cruz are : (1) relocating the existing mills to the northern 
region where production is now taking place, thereby greatly reducing the 
high cost of transportation; (2) minimize the cost of transportation for 
the existing production area; (3) return sugar cane production to the 
traditional regions of Santa Cruz, thus re-establishing, to some degree, 
the original spatial relationships between the production areas and th e 
processing plants. This movement would necessitate the establishment of 
on-farm irrigation, improved farm inputs and management t ec hniqu<:s. 
Objectives of the study 
The major objective of this study is to investigate various alter-
natives for reducing transportat ion costs of sugar cane in Santa Cruz, 
Bolivia. These a lternatives will include both irrigation and non-
irrigation possibilities. 
Formally stated, the objectives of this study are: 
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(a) To determine the production costs for sugar cane in Santa Cruz, 
with a special emphasis on the cost of transportation. 
(b) To determine a minimum cost system for distributing existing 
sugar cane production among processing facilities as presently 
located . 
(c) Investigate the alternative of relocating sugar cane production, 
with a special emphasis on the development of irrigation water 
for this purpose, and the alternative of relocating processing 
mills in a closer proximity to existing production areas. 
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PROCEDURES AND SOURCES OF DATA 
Several sources of information were utilized in this study. The 
main source of information was the studies made by the Comision Nacional 
De Estudio De La Cana y Del Azucar (CNECA). This information was 
collected, by the author of this study, during June and July of 1972 by 
means of personal interviews in Bolivia. 
The first objective was investigated through the use of budgets from 
several different sources. These include a study completed by the Utah 
State-Bolivian/USAID Study Team (1), a study undertaken by the cane 
manager, Senor Carlos Castro, of the Guabira' mill (2), and question-
naires obtained through personal interview by Senor Enrique Gomez, a 
graduate student at Utah State University (3). 
The information compiled by the USAID Study Team (1) consists of 
three sugar cane budgets for three different levels of management 
practices. (See Appendix A.) The first budget presents the average costs 
of production for sugar cane without irrigation and without fertilizer, 
the second budget presents the average costs of production with irrigation 
and without fertilizer and the third budget presents the average costs 
of production with fertilizer and irrigation included. The USAID Study 
Team budgets include cost figures for the most modern means of cane 
production, including the use of tractors for planting, cultivation, and 
reseeding. However, very few cane producers in Santa Cruz employ these 
modern techniques. For this reason, the USAID Study Team budgetA present 
a cost structure for a mechanized production situation. The actual non-
mechani zed production situation and associated cost structure will be 
clearly defined later in this study. 
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The study compiled by Castro (2), consists fo two budgets which 
portray the typical production situation within a 15 kilometer radius of 
Guabira' . One of these budgets presents the production costs with the 
use of machinery in the production process and the other presents the 
production costs using manual labor. 
The questionnaires provided by Gomez (3) are from his study of all 
major crops in the Santa Cruz region. Thirty-six questionnaires were 
obtained dealing with the production of sugar cane and are utilized in 
this study in order to define the present production practices now being 
utilized in the Santa Cruz region. 
Four w~jor sources were utilized in order to obtain cost of trans-
porta tion information . These were: (a) budget studies from all of the 
above mentioned sources included costs of transportation, (b) Senor 
Carlos Castro of the Guabira' mill provided data that he had compiled in 
his capacity as cane manager, (c) the cane grower registry which was 
commi ssioned by C.N.E.C.A., and (4) C.N.E.C.A. transportation cost 
studies. 
Most of the information needed to investigate objective two was 
obtained from the C.N.E . C.A. cane grower registry. This registry listed 
the name of each grower, the quantity of sugar cane he grew, and how far 
he lived from each of the mills. 
Given the fact that the producers and mills are spatially distributed 
within a given geographic area, observations were made of the total level 
of activity from each producer origin to each mill site. The measure of 
activity, in this study, is the amount of cane tonnage being delivered 
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and the distance it is transported. The nature of the data distribution 
is best understood in terms of a matrix arrangement (See Figure 1). 
Figure 1 depicts the matrix system which uses the amount of cane being 
delivered from the various origins to the mill sites as the variable. 
Another matrix system is also included in this study, which uses the 
distance from the various origins to the mill sites as the variable. The 
distance matrix system is not illustrated. 
The original data consisted of 3426 producer origins and 3 mill 
s ites . However, 54 producer areas were defined. The producer origins 
were then aggregated into these areas in order to make the data more 
manageable. This resulted in the development of a 3x54 matrix system. 
This matrix encompasses the distribution of total observed activity 
from '111 or!.gins to all mill sites where: 
Oi Producer origins 
(i = 1 .... n) 
Sj The mill sites 
(j = 1 .... m) 
Xij Volume observed tonnage moved between origin (i) and site (j). 
Bi The total amount of tonnage from an origin (i). 
Tj The total amount of tonnage to a site (j). 
The matrix system (Figure 1) was then used with a lenHt cost lint>ar 
programming model. The effect of the least - cost pros-,rammln)•, In 
redistributing the observed level of producer activity is to alter the 
amount of tonnage from a given origin to a given plant . This redistri-
bution of tonnage among plants and origins would then reflect the 
arrangement that would result if only proximity or location were involved 
in the decision of site selection. It provides the distribution of cane 
Figure 1. Matrix of conceptual distribution of observed activity 
Ul 
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.... 
... 
0 
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01 
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03 
On 
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Sl S2 
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X21 X22 
X31 X32 
Xnl Xn2 
Tl T2 
Total 
S3 Sm 
Xl3 Xlm Bl 
X23 X 2m B2 
X33 X 3m B3 
Xn3 Xnm Bn 
T3 Tn 
deliveries among plants and origins which will minimize the cost of 
delivering the total harvest of sugar cane. 
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The resulting data matrix is then compared to the original matrix 
{Figure 1) as the basis for determining which system is the most 
economical--the system as it is now or the redistributed system defined 
by the least-cost linear program. 
After defining a least-cost delivery system for the existing producer-
plant distribution, changes were imposed in order to examine the impacts 
which such modifications in the plant-producer distribution would have 
on the cost of delivering the cane. These included examining the effects 
of closing the most uneconomical mill (located in the southern portion of 
the region) and postulated increases in production and mill capacities. 
Mill capaciti"s and anticipated plans for future expa.nsion were 
obtained by personal interview with officials of the three mills. 
The third objective was investigated by using information from 
several different sources. These include a study of the major soil 
systems in the Santa Cruz region by Dr. T. T. Cochrane of the British 
Agricultural Mission (4), C.N.E.C.A. studies dealing with the possible 
use of irrigation water, fertilizers and other improved methods of cane 
production (5), studies completed by the Experiment Station at Saavedra 
which dealt with the use of improved management practices in the 
production of sugar cane (6), and the report by the USAID Study Team (1) 
which provided valuable information concerning the feasibility of 
irrigation developments in the Santa Cruz region. 
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PHYSICAL FACTORS RELATED TO THE PRODUCTION OF SUGAR CANE 
Soil types 
There are ten major soil types in the region of Santa Cruz where 
virtually all of the sugar cane is grown. These soils have been classified 
by Dr. T. T. Cochrane of the British Agricultural Mission on a land 
systems map of Central Tropical Bolivia (4), (See Figure 2). This map 
is used to illustrate the potentialities and limitation that exist in 
this region for the production of sugar cane due to soil types. 
There are ten areas of interest within the area under consideration. 
The areas are distinguished primarily on the basis of differing soil 
types. These ten areas and their characteristics are quoted below from 
Dr. Cochrane's study (4). 
Soil Type #1--Caranda 
Area: 166,000 Hec. 
General Topography: Small, even, steep sided on hills. Fairly young 
topography. 
Characteristics of Agricultural importance, including climate: The 
steep topography of these hills will largely 
limit agriculture to a small proportion of the 
lower gentler slopes . 
Rainfall in the region is in excess of 1300 mm. 
per year. The dry season includes the months 
of June to September, but is not too severe. 
There are frequent cool southerly winds between 
May and August. 
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Figure I· Land systems map of the Santa cruz Region (4) 
l. Caranda 22. Rio Grande Central 
2. Colpa 23. Rio Grande Norte 
3. Santa Rosa 26 . Pampas De Portachuelo 
20. Chaparral 27. Yapacani-Palacios 
21. Pi ray 33. Central Hidromorphic Zone 
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Agricultural and animal production potentialities: Some tree crops 
on lower stabler slope positions. e.g. Annetta 
in the south, and possibly cacao in the north. 
Only a small percentage of the total area might 
be used. 
Soil Type #2--Colpa 
Area: 106,000 Hec. 
General Topography: Some small rolling to steep hills complexed with 
oldish plain surfaces and recent river valleys. 
Characteristics of agricultural importance, including climate: There 
is a relatively small acreage of cultivable 
soil, and the fertility of such appears to 
deplEte very rapidly. 
Because of inherent drainage problems, the 
planosolic soils cannot be used for arable 
cropping without sub-soiling and artificial 
drainage. 
The climate is very similar to that of Caranda, 
but is possibly a little drier. 
Agricultural and animal production possibilities: Minor agricultural 
possibilities do exist, including sugar cane, 
coffee and annotta culture. The region appears 
suitable for cattle production. 
Soil Type #3--Santa Rosa 
Area: 32,000 Hec. 
General Topography: A series of small hills with moderate to steep 
slopes. Hills rise about 400 feet above surrounding 
plains. 
Characteristics of agricultural importance, including climate: 
Topography and the sandy infertile nature of 
these soils limit agricultural usage. Soil 
moisture is adequate for coffee cultivation, 
but marginal fo r cacao. 
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Rainfall is in excess of 1300 mm. per year, 
with a moderate dry season from June to 
September. There are frequent cool southerly 
winds between May and August. 
Agricultural and animal production potentialities: Only those soils 
on relatively gentle more stable slopes might 
be cultivated, and preferably only for tree 
crop produ~tion. Such probably represents less 
than 30 percent of the total land surface. 
Soil Type #20--Chaparral 
Area: 45,000 Hec . 
General Topography: Low lying, semi-swamp areas. 
Characteristics of agricultural importance, including climate: These 
soils are partly covered with flood waters for 
4 to 6 months of the year. 
Agriculture and animal production potentialities: There is the 
possibility of the cultivation of water rcelatant 
pasture plants, that might be used for dry 
Soil Type #21--Piray 
Area: 397,000 Hec. 
season grazing. 
General Topography: Nearly flat, but gently undulating in areas 
subject to wind blow. 
Characteristics of agricultural importance, including climate: 
Whilst the predominant soils are poor, there 
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are considerable areas of heavier soils, which 
with adequate fertilization might sustain arable 
cropping for some time. Rainfall in the region 
is in excess of 1200 mm., and falls mainly 
during the warm summer months of November to 
April. The area is exposed to frequent cool 
southerly winds during the months of May to 
August, although the effect of such is not as 
severe as in the case of the Northern Chaco. 
Agricultural and animal production potentialities: The region i s 
the most developed agricultural region in 
Bolivia. Sugar cane is the principal crop. 
The marked drop of yield in sugar cane is a 
reflection of a number of agronomic factors 
including fertility . It appears that a more 
intensive study of this region is warranted to 
indicate the more suitable areas for sugar c~nP 
production and to find ways of improving cnnc 
yields either through fertilization and or 
rota tion. Alternative uses for the poorer 
lands might profitably be investigated, with 
perhaps special emphasis on improving pastures 
for more intensive animal production. e.g. 
fattening cattle, dairying, etc. 
Soil Type f/22--Central Rio Grande 
Area: 559,000 Hec. 
General Topography: Nearly flat . 
Characteristics of agricultural importance, including climate: 
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There are ex t ensive areas of well dra ined, 
arable soi l s . Rainfall throughout the region 
is probably less than 1200 mm. The dry season 
i s quite well marked between the months of June 
to September. Cool southerly winds are common 
between May and August. 
Agriculture and animal production potential i ties: Rice and maize 
can be produced s uccessfully on a "small scale" 
farming bas is, as ev idenced by the success of 
the Okinawan Colonis ts located on a part of the 
region. There appears to be sound prospects 
for the cult iva tion of oil-seed crops such as 
soya beans. Improved pastures should do well. 
Soi l Type #23--Northern Ri o Grand e 
Area: 190,000 Hec. 
General Topography: Nearly f l at . 
Charac teristics of agricul tural importa nce , i nc luding climate: 
There are considerable areas of well drained, 
arable soi l s not s ubject t o wet season water 
~· Rainfall in the region is in excess 
of 1300 mm. The dry season is not too severe. 
Cool southerly winds are common between May 
and August. 
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Agriculture and animal production potentialities: Small scale 
arable farming, including rice, maize, oil seed 
and fibre production, might be suggested for 
extensive areas of the younger alluviums. 
The possibility of planting improved pastures 
on the older soils might be profitably 
investigated. 
Soil Type #26--Portachuelo Pampas 
Area: 51,000 Hec. 
General Topography: Slightly indulating. 
Characteristics of agricultural importance, including cliffiate: The 
soils remain waterlogged for considerable 
periods of each year. Rainfall is about 1200 
mm. per year. The driest months are from July 
to September. Cool southerly winds are common 
between May and August. 
Agriculture and animal production potentialities: Agricultural 
prospects do not appear to be very good. There 
may be some scope for the introduction of water 
tolerant, improved pasture species, on the 
soils near Portachuelo. 
Soil Type #27--Yapacani Palacios 
Area: 242,000 Hec. 
General Topography: Nearly flat. 
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Cha racteristic s of agricultural importance, including climate : 
There is a considerable acreage of arable land 
in the region, but the soils are only moderately 
fertile and will tend to loose their fertility 
fa i rly quickly. Rainfall in the area averages 
about 1400 mm. per year. The dry season does 
not appear to be too severe. Cool southerly 
winds are common between May and August. 
Agriculture and animal production potentialities: With the exception 
of the more recent Yapacani alluviums., because 
of the marginal nature of soil drainage and 
fertility, possibly only "hardier" crops, 
including fibers, such as kenaf, might be 
sugges ted. 
A careful f orestry "inventory 11 of the northern 
part of the region should be taken, to ascertain 
the value of the forest, especially in view of 
r e puted belts of mahogany occurring in the 
extreme north. 
Soil Type #33--Central Hydromorphic Zone 
Area: 3,035,000 Hec. 
General Topography: Flat and low lying . Micro topography of s urface 
often shOws evidence of a 11 hog-wallow" effect. 
Characteris tics of agricultural importa nce , inc luding climate: Over 
80 percent of these lands appear to have serious 
drainage problems. The forest cover obviously 
plays a very important role in the hydrological 
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control of the Beni basin. Rainfall ranges 
f rom 1400 mm. to in excess of 2500 mm. per year. 
Cool southerly winds are common between Hay 
and August, but are not as severe as in the 
Santa Cruz region. 
Agriculture and animal production potentialities : Immediate develop-
ment prospec ts do not appear promising. A 
percentage of these lands may eventually be 
used for the cultivation of water tolerant 
crops. However, careful investigations should 
be carried out, especially hydrological and 
ecological investigations, before any project 
of any scale to rerr:ove these forests is 
initiated. 
A careful examination of the ten regions reveals that only f i ve have 
significant po tential for the production of s ugar cane. These are areas 
2 , 21, 22, 23, and 27. Of these five areas, area 21 seems the best 
sui ted for the production of sugar cane. This includes a total area of 
397,000 Hec. However, as was noted by Dr. Cochrane, this region is the 
most developed area in Bolivia and because of the extensive development, 
fertility of the soil becomes a problem. By studying this map, it can 
be seen that the best area for sugar cane production is from Montero on 
northward. This is because the land in this area (inc luded in Area 21) 
stil l retains much of its natural f ertility and is be • t s uited phyo!rnlly 
for the production of cane. This is the area to which cane production, 
displaced in the southern region, has now been shifted . 
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Precipitation 
The fact that almost all of the sugar cane growers depend upon rain-
fall to meet the moisture requirements of cane growth, has severly 
limited production. Records have been kept at the experiment station in 
Saavedra from 1943 to the present. This station is located in the region 
where much of the current cane production takes place . Since 1950, when 
the production of sugar cane began, there have been only two years, 1955 
and 1958, when precipitation has exceeded the established optimum of 
1500 mm. per yea r . This is illustrated in Table 1 and Figure 3 . 
As can be observed from Figure 3, there has been a steady dec r ease 
in the yearly amount of precipitation from 1965 to 1970. Over the entire 
period from 1950 to 1970 there has been a year l y ave rage of 5 months of 
serious moisture shortage for good cane growth according to the USAID 
Study (1). In 1970, about 10 months can be considered deficit. The 
usual period for moisture shortage is from June 15 to November 15. How-
ever, this is generally the period when cane harvest i ng is taking place 
and a dry period is beneficial to harvesting procedures. The difference 
in pr ecipitation between the we t period and the dry period can be seen 
by examining Figure 4. 
The drought has been more severe in the southern part of the region 
than in the northern part . According to the data collected near the 
city of Santa Cruz , the average r ainfall fo r the last 20 yea r s has been 
about 1000 mm. per year. The experiment station at Saavedra, which is 
70 Krn . to the north of Santa Cruz reports an average of about 1250 mm. 
per year for the same period. This difference has been greater during 
the last 5 years as a result of the period of severe drought in the 
southern region . Further to the north, in the region of the Rio Grand e, 
Table 1. Honthly rainfall at Saavedra, 1943-1970 (millimeters) 
Month 1943 1944 1945 1946 1947 1948 
January 119.0 64.2 147.7 100.1 272.5 238.4 
February 295.7 135.9 201.4 194.1 148.0 240.7 
March 75.0 96.8 359.9 243.4 196.7 158.8 
April 134.0 56.3 116.2 32.9 89.3 5.5 
May 40.0 39.5 27.1 407.5 250.3 7.5 
June 80.6 94.4 ll. 6 58.9 61.5 60.7 
July 17. 5 11.0 100. 8 57.7 166.8 194.3 
August 24.0 118.3 1.0 13.8 120 .6 40.8 
September 88.0 12.4 88.3 147.4 98.9 40.8 
October 107.5 292.3 33.1 44.7 43.9 200.2 
November 82.9 26.0 93.5 78.5 128.8 77.0 
December 463.1 ll3. 3 172.9 227.2 222.5 238.1 
Total 1.527.3 1. 060.4 1.353.5 1. 006.2 1.799.8 1. 503.1 
1949 1950 
191.6 172.6 
106.8 61.7 
132.3 124.0 
119.6 91.0 
32.2 135.0 
233.3 1.5 
39.5 129.5 
0.7 4.5 
--- 48.2 
69.0 172.3 
213.0 61.2 
253.1 70.9 
--- 1. 072.4 
1951 
265.4 
123.2 
39.9 
62.1 
43.7 
73.8 
o. 2 
74.9 
95.1 
137.3 
130.7 
86.8 
1.143.1 
195 2 
221.3 
211.1 
69.0 
20.9 
44.9 
173.3 
1.7 
7. 7 
130.8 
109.0 
149.7 
88.1 
1.227.6 
.... 
"" 
Table 1. Continued 
Month 1953 1954 1955 1956 1957 
January 66.8 191.1 395.9 220.8 132.0 
February 48.0 114.8 127.7 167.6 162.5 
March 189. 3 221.5 105.2 20.3 48.2 
April 252.4 201.2 125.5 220.9 96.5 
May 173.7 116.8 73.2 50.8 93.9 
June 28.8 80.9 104.7 76.2 73.6 
July 3.9 32.1 149.5 88.9 223.5 
August 0 . 0 18. 0 23.3 58 . 4 96.5 
September 35 .8 81.5 0.1 58.4 180.3 
October 126 . 8 25 . 0 55.7 152.4 96.5 
November 184. 6 24.0 232.0 91.4 147.3 
December 100.3 79.0 157.4 269 .2 114. 3 
Total 1. 210.4 1.185 . 9 1.550 .2 1.475.3 1.465.1 
1958 1959 1960 
106.6 218.4 111.7 
231.1 93.9 137 . 1 
48.2 154.9 114 .3 
152 .4 147.3 142.2 
53.3 12.7 71.1 
63.5 91.4 12.7 
35.5 71.1 33.0 
0.0 30.4 60.9 
165 .1 0.0 63.5 
149. 8 99.0 63 . 5 
160.0 109. 2 81. 2 
434.3 129. 5 71.1 
1.599. 8 1.157. 8 962.3 
1961 
160.0 
266.7 
83.8 
106.6 
53.3 
60.9 
53.3 
o.o 
20 . 3 
76.2 
109 .2 
254.0 
1.244.3 
1962 
175. 0 
132.0 
157.4 
22 . 8 
30.4 
15. 2 
5 . 0 
48.2 
66.0 
96.5 
66.4 
190.5 
1. 005.4 
.., 
0 
Table 1. Continued 
Month 1963 1964 1965 1966 
January 127. 0 132.0 281. 0 177 .8 
February 213.3 259 . 0 160.0 132. 1 
March 144.7 195.6 71.1 137.2 
April a 40.6 66. 0 106.7 7.6 
May 33.0 38.1 86.4 86.4 
June 40.6 15.2 5.0 68 . 6 
July 7.6 5.0 139.7 0. 0 
August a 7.6 35.6 35.6 0 . 0 
September 40.6 81.3 2.5 96.5 
October 78 . 7 190.5 180.0 144 . 8 
November 132.0 147.3 96.5 93.9 
December 170 . 2 154.9 228.6 170.2 
Total 1. 035.9 1. 320.5 1. 394.0 1.115.1 
Sour ce: SaaYedra Experiment Station (Santa Cruz) 
1967 1968 1969 
281.9 134.6 114.3 
127.0 180.3 96 . 5 
53.3 15.2 71.1 
65.3 40.6 73.7 
106.7 2.5 76.2 
170 .2 43.2 101.6 
96.5 33.0 20.3 
27.9 91.4 17. 8 
10 . 2 25.4 44.5 
45 .7 119.4 68.6 
38.1 78.7 170. 2 
111.8 307.3 63.5 
1.134.6 1.071.6 918.3 
1970 
73.7 
109.2 
33.0 
33.0 
48 .2 
73 .7 
7.6 
7.6 
2.5 
83.8 
53.3 
96.5 
622.1 
Average 
174.7 
160.3 
120. 0 
93.9 
79 . 8 
70.5 
61.6 
34.5 
63.9 
109.4 
109.2 
179. 9 
1.257 . 70 
N 
.... 
Figure 3. 
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rainfall averages in excess of 1300 mm. per year. From these estimates 
it can be seen that as one moves further north there is a marked increase 
in annual rainfall. Although the area to the north of Montero receives 
less than the optimum amount of rainfall per year, this area is much more 
favorable for growing sugar cane than the southern region in terms of 
available moisture. 
Although it is too early to tell, it appears that th e drought 
conditions in the Santa Cruz area may be lessening. The 1971-1972 growing 
season was much more favorable in terms of precipitation than were the 
previous 5 years. Although cane production will not be as high as it was 
before the drought, a considerable production increase is expected over 
the 1970-1971 production. 
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RESULTS OF THE STUDY 
This section consists of three main parts. The f irst deals with the 
current costs of production and the interna l rate of return to fixed 
factors for a typical sugar cane ente rprise in Santa Cruz, including 
s pecial reference to the cost of transpor t ation from the farms to the 
mills in the area. The second section deals with the presentation of a 
minimum cos t transportation system for distributing exist ing sugar cane 
production among existing processing facilities. The third part examines 
various alternatives fo r reloca ting s ugar cane production, with a specia l 
emphasis on the development of irrigation water for this purpose. 
Production costs for s ugar cane 
The investigation of production cos ts for sugar cane in the Santa 
Cruz region was accomplished through the review of budgets from several 
secondary sources. Only the pub lished budget prepared f rom questionnaires 
pr ovided by Gomez (3), was originally obtained by personal interview. 
The remaining budgets wer e initially developed by int e rviewing knowledgable 
people in the region. No producer interviews were made by the author of 
this study . However, the validity of the budget s , used in this study, 
were confirmed by i nterviewing knowledgable people ln the s ugar ca ne 
indus try in Santa Cruz and by personal observations o f the current 
production situation. 
The purpose of these budge ts is to review the current production 
situation from as many sources as are available . From these sou rces, a 
typical production situation can be estima ted and presented for the San ta 
Cruz region. 
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A comparison of the costs from the three studies used are shown in 
Tables 2 and 3. The costs of establishment, presented in Table 2, need 
further exp lanation. The time period used for the USAID Study Team 
budget and for the Castro budgets is 5 years. The average time period 
obtained from the Gomez questionnaires was 7 years. The difference in 
life of the i nvestments, accounts in l arge part for the variation in the 
amortized annual cost. 
The costs shown for land preparation are quite similar among the 
three budgets. The only one that is significantly different is the $b810 
figu r e given for mechanized land preparation in the Castro budget. This 
figure includes forest removal with a D7 tractor, plowing, harrowing, and 
pre-seeding land preparation. The size of the figure clearly illustrates 
the high cast of machinery use in the Santa Cruz region. The average 
annua l cost for land preparation in this region is commonly quoted 
between $b75 and $bl00 per hectare, since very few producers utilize 
machinery in the preparation of their land. 
The annual costs given for seed show considerable variation . On a 
yearly basis, the costs r ange f rom $bll2.80 per year for the USAID Study 
Team budget to $b39 .29 per year for the Gomez budget. Converting these 
per year costs to per ton costs gi ves figures of $b94 per ton and $b55 
per ton respectively. The most represen t ative figure for seed cost i s 
between $b55 and $b60 per ton. 
The annual cost per hectare char ged to planting is qulte uniform. 
The only es timate that differs significantly is the planting cost of $b24 
for mechanized planting in the Castro budget. This figure is low and 
should be nearly double in order to be representative of costs commonly 
quoted. The average cost for manual planting in this region appears to 
Table 2. Estimated annual establishment costs fo r sugar cane production from selected s tud ies in 
Bolivia 
Land Pre2aration Seed Planting 
$b/Hectare $b/Year $b/Hectare 
USAID Study Team 90 112 . so1 5o2 
Castro Study 1103 604 403 
Castro Study 8105 846 245 
Gomez Study 603 39 .2 97 42.863 
1six ton/hectare @ $b94/ton 
2
rncludes tractor for 2 hours and manual (10 men) 
3~lanual labor onl y 
4Five t on /hec tare @ $b60/ton 
s~!echaniz ed 
6seven tons /hec tare @ $b60/ton 
7Five tons /he ctare @ $b55/ton 
ReElant ing 
$b/Hectare 
20 
Interest 
$b 
134.20 
93.97 
Total 
_$_b_ 
407 
210 
918 
236.12 
N 
.... 
Table 3. Estimated annual variable costs for sugar cane production from selected studies in Bolivia 
Cultivating 
& cleaning 
$b/Hectare 
Harvesting 
$b/Hectare 
USAID Study 
5251 Team 510 
Castro Study 3003 9604 
Castro Study 2406 11207 
Gomez Study uo3 5259 
- --
1$bl5 / ton @ 35 ton/hectare 
2$b25/ton @ 35 ton/hectare 
3Manual labor only 
4$bl6/ton @ 60 ton/hectare 
5$bl3/ton @ 60 ton/hectare 
6Nechanized 
7$bl6/ton @ 70 ton/hectare 
8Sbl3/ton @ 70 ton/hectare 
Transporting 
$b/Hectare 
8752 
7805 
9108 
87510 
Road 
maintenance 
$b/Hectare 
20 
20 
Depreciation 
& Repairs 
$b/Hectare 
31 
31 
9$bl5/ton @ 35 ton/hectare 
10$b25/ton @ 35 ton/hectare 
Interest 
$b 
74 
26.28 
Total 
--$b-
2035 
2040 
2270 
1607.28 
N 
"" 
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be between $b40 and $b50 per hectare based on average costs given in the 
three studies. 
The cost charged to replanting, appears in only one budget; that of 
the USAID Study Team. Replanting is practiced on a very limited basis 
by the extremely large producers and is not a common practice in Santa 
Cruz. 
Interest on the fixed capital is included in two of the budgets. 
The budget prepared by the USAID Study Team includes interest calculated 
at a rate of 15 percent and amortized over a five year period . The 
budget prepared from Gomez's questionnaires includes interest calculated 
at 15 percent and amortized over a seven year period. The budgets 
prepared by Castro include no interest charge, only the amoun t prorated 
over a 5 year period. 
As can be seen by examining Table 2, the total annual establishment 
cost for the production of sugar cane varies greatly. At present, with-
out the aid of mechanization, the average annual establishment cost for 
the production of sugar cane in Santa Cruz is quoted between $b200 and 
$b250 per hectare based on the costs given in the Castro budget and the 
Gomez budget. 
Table 3 shows the annual variable costs for the production of sugar 
cane in Santa Cruz. Column 1 includes the ·variable costs for cultivating 
and cleaning. There is a lot of difference in the costs assigned to this 
operation among the various budgets. The USAID Study Team figure of 
$b510 includes the cost of cultivating by tractor. The same is true of 
the $b300 figure in Castro's budget. The USAID Study Team budget includes 
three cultivations by tractor and three weedings by hand. The Castro 
budget figure of $b300 includes two weedings by hand and the $b240 figure 
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includes one cultivation by tractor and two weedings by hand. The average 
producer in Santa Cruz cultivates and weeds much less than these budgets 
indicate. Although the figures indicated in these budgets are optimum 
levels of cultivation and cleaning, the average producer weeds his sugar 
cane twice, by hand, at a cost of between $bl30 and $bl40 per hectare as 
presented in the Gomez budget. 
The costs presented for harvesting are realistic and vary only 
because of the difference in assumed yields. The yield figure of 35 tons 
per hectare used in the USAID Study Team budget and the Gomez budget is 
the average yield for the entire Santa Cruz region over the last 5 years. 
The yield figure of 60 and 70 tons per hectare used by Castro is realistic 
under optimum conditions of fertile land and adequate precipitation. 
However, jt is not representative of the entire region. 
The variable costs assigned to transporting the cane depend largely 
on the distance of the producer from the mill. The figure of $b875 used 
in both the USA ID Study Team budgets and also Gomez's budget, represent s 
a cost of $b25 per ton and is assumed to be an average cost of trans-
porting cane for the entire region. The figure used by Castro of $bl3 
per ton is representative of the area within 15 kilometers of Guabira'. 
Road maintenance, depreciation and repairs, are included in the 
USAID Study Team budgets and a lso the Gomez budget. These costs were not 
included in the Castro budgets. 
An i nterest charge is included in the USAIO budget and was calculated 
at a rate of 15 percent on one-half of the variable costs for a time 
period of six months. It is not included in Castro's budgets. The 
interest charge on the variable costs in Gomez 's budget was calculated at 
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a rate of 15 percent for the total variable costs, using a standard 
cropping season of nine months. 
Table 4 contains what is judged to be the typical cost structure for 
the production of sugar cane under present production conditions in Santa 
Cruz. It illustrates the type of production practices now being employed 
by sugar cane producers in the Santa Cruz region. The budget is a 
composite of information taken from the three budgets just discussed. 
However, most of the figures are based on the questionnaires provided by 
Gomez. His study is the most recent in the area and is based on a 
systematic sample of personal interviews with growers in the region. His 
work builds on that of the USAID Study group which was intended to provide 
a broader overview of cane production as it relates to water development 
in the area. 
Internal rate of return 
With minor changes, Table 4 can be utilized to calculate the internal 
rate of return to fixed investment for the production of sugar cane in the 
Santa Cruz region. 
The internal rate of return is defined as being that annual compound 
discount rate which makes the present value of the investment schedule 
equal to the present value of the net benefit schedule. The formula for 
calculating the internal rate of return is given as: 
in which C fixed investment cost 
B net return 
i internal rate of return 
n = the year dating from the present 
By solving for i, in the above formula, the internal rate of return can 
be estimated. 
Table 4. Sugar cane production costs, Santa Cruz, Bolivia 
Practices 
Establishment Costs 
1. Land preparation 
2. Seed: 5 tons at $b55/ton 
3. Planting (manual) 
TOTAL FIXED COST 
(Amortized for years a t 
15 percent) 
Variable Costs 
4. Cultivating & Cleaning (manual) 
5. Harvest i ng: $bl5/ton at 35 tons/Hec. 
6. Transportation: $b25 at 35 tons/Hec. 
7. Ma intenance of fie ld roads 
8 . Depreciation: tools, sheds, e tc. 
9. Repairs: tools, sheds, etc. 
10. Interest: 9 months at 15 percent 
TOTAL VARIABLE COSTS 
TOTAL ANNUAL COSTS 
Plantation Each 
7 year/Hec. 
$b420 
275 
300 
$b995 
TOTAL REVENUE: $b90/ton at 35 tons/Hec. 
ANNUAL RETURN PER HECTARE . 
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Annual 
$b/Hec. 
$b 108.16 
77.04 
77.92 
$b 263.12 
$b 130.00 
525.00 
875 .00 
20.00 
19.00 
12.00 
177 0 84 
$bl,758.84 
$b2. 021.96 
$b3,150.00 
$bl,l28.04 
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The use of the internal rate of return concept has the advantage of 
expressing rates of return as a percentage which can be compared with the 
rate of interest charged in the capital market. In order to be deemed 
economically feasible, a project must generate an internal rate of return 
which is higher than the external rate of return (interest). 
The internal rate of return for the production of sugar cane in 
Santa Cruz can be calculated using the data in Table 4, if a charge is 
added to the establishment costs for the investment in land and the 
variable cost for depreciation is deleted. 
Land values vary greatly in Santa Cruz and depend upon many factors 
such as location of the land in respect to the processing mills. For 
the purposes of this study, a value of $bl500 per hectare is used. This 
amoun4 of $bl500 per hectare, is added to the total establishment cost 
of $b995 per hectare given in Table 4. This gives a total fixed invest-
ment cost of $b2495 per hectare of sugar cane. Total variable costs, 
less the depreciation charges given in Table 4, amount to $bl739 . 84 per 
hectare. Total returns are given as $b3150.00 per hectare which yields 
a net return of $bl410.16 per hectare. 
Using the above figures, the internal rate of return to fixed 
investment can be estimated and is given as 53 percent. This figure can 
be compared to the going interest rate in the area, which is 15 pe r cent, 
and it can be seen that the typical producer of sugar cane in San ta Cruz 
enjoys an approximate return of 38 percent on his fixed investment for a 
hectare of cane. 
Transportation costs 
One of the major factors in the cost structure for sugar cane 
production is the cost of transporting the cane to the mills. Estimates 
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of transportation costs have been as high as SO percent of total 
production costs (1). This is verified in Table 4, where on a typical 
basis the cost of transporting the cane is 49.7 percent of the total 
variable costs. 
It is difficult to formulate an average cost for transportation in 
the Santa Cruz region because very few producers own their ow~ trucks. 
Each producer negotiates his own deal with the truck owners based on his 
individual situation and conditions. The prices quoted by the truck 
owners are a function of three variables: (1) distance to the mill, (2) 
t ype of road being used, and (3) amount of cane to be transported . While 
the transportation figures that are presented in this s tudy may not be 
totally representative in al l cases , it is felt that they give a general 
overview of the cos t of transporting sugar cane in the Santa Cruz region .* 
Table 5 gives the total volume of cane that was transported to 
Guabira' in 1970, within a radius of 28 kilometers from the plant. The 
distances f rom the various towns are given and the average cost per ton 
for transporting cane from these towns to the Guabira' mill is also shown. 
The data illustrates a consistency in rates between towns of equal distance 
from Guabira'. It points out that as the distance from the mill increases, 
the transportation r a tes also increase. In 1970, 343,686.8 metric tons 
were transported from this area, at o total cost of $b5,278,315.34 or an 
average cost of $bl5.34 per ton. However, this is not the only area from 
which Guabira' received sugar cane. Other areas fur ther away than 28 km. 
delivered a large amount of cane to Guabira' and this caused the average 
transportation cost to be $b20 per ton for cane delivered to the plant. 
*The bulk of the information presented in this section was obtained 
from a study completed by Sr. Carlos Castro of the Guabira' mill. 
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Table 5 . Total volume of cane transported and the transportation costs 
for the "Guabira'" zone,* Santa Cruz, Bolivia, 1970 
Zones Distance to Guabira' Cost Per Ton Total 
Km. $b M. T. 
1. Montero 4 10 15,630.68 
2. Chap as 5 10 5,209.81 
3 . La Madre 5 10 9,941.08 
4. Patuju' 6 12 12,474.96 
5. Naico-La Estacada 8 10 14,339.91 
6. Cidral 8 12 8,404 . 44 
7. Naranjal 10 12 20,724.98 
8. Turobito 10 15 7,822.25 
9. Portachuelo 12 15 13,293.78 
10. Saavedra 12 15 13,692.29 
11. Chacras 13 15 16,179.96 
12. Various 15 15 6,954.84 
13. Azuzaqui 17 17 584.32 
14. Camino a La Esperanza 20 18 71,119.95 
15 . Mineros 23 19 64,725.56 
343,686.80 
Average cost per ton $b5,278,315.34 $bl5 . 34/ton 343,686.80 
Source : Carlos Castro, cane manager of Guabira' plant, 1971. 
*The "Guabira'" zone is defined in this table as the area within a 
23 kilometer radius of Guabira'. It represents the area within which 
Guabiri currently receives three- fourths of its cane. However, one-
fourth of the cane comes from areas further away than 23 kilometers and 
this causes the average cost of transportation per ton of cane to rise 
from $bl5.34 per ton to about $b20 per metric ton. 
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Table 6a gives the distances of various towns in the Santa Cruz 
r egion to the Guabira' mill. The type of road over which the cane is 
transported is given and the cost of transporting the cane. Table 6a 
shows that the type of road over which the cane is transported is a factor 
in determining the transportation cost. Costs tend to be lowest for 
asphalt roads and highest for unpaved roads. 
Tables 6b and 6c show the distances from various towns to La Belgica 
and San Aurelio. 
Table 7 is a compilation of the cost data presented in Tables 5, 6a, 
6b, and 6c, examined in 10 kilometer intervals for the Santa Cruz region. 
The figures are averages for the three plants which are subject to some 
variation within the intervals. 
Average costs range from $bl2 for the 0-lO kilometer inttrval to 
$b40 for the most distance interval (121-130 kms.). These cost figures 
are used in the later sections of this analysis. 
Current transportation costs and a 
least-cost transportation model for 
the Santa Cruz region 
Alternative 1. The investigation of a minimum cost system for 
distributing current levels of sugar cane production among existing 
processing facilities was accomplished by the use of a least-cost linear 
computer program. 
To determine if the least-cost solution given by the computer program 
is a more economical system than the present distribution system, it was 
necessary to examine the present system and determine its transportation 
cost to the cane producers. The cost of delivering cane to the three 
mills can only be given as an average because of the limited data dealing 
with transportation costs. Many of the producers deliver their cane to 
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Table 6a. Transportation costs to the Guabira' Mill 
Location Distance to Mill Type of Road Cost 
km. $b/Ton 
From 5 Krn. 5 Asphalt 10 
Santa Maria 9 Asphalt and Unpaved 12 
From 10 Krn. 10 Asphalt 12 
Naico ' 10 Unpaved 15 
La Florida 10 Asphalt 12 
Turobito 10 Asphalt and Unpaved 14 
Portachuelo 12 Asphalt 15 
Saaved ra 12 Asphalt 15 
Perserverancia 12 Asphalt and Unpaved 15 
La Lorna 12 Asphalt 15 
Las Charras 13 Asphalt and Unpaved 15 
Marino 13 Asphalt and Unpaved 15 
Las Maras 16 Asphalt 17 
Soledad 18 Asphalt 18 
Aroma 20 Asphalt and Unpaved 21 
Mineros 23 Asphalt 19 
San Juan 25 Asphalt and Unpaved 22 
Santa Martha 27 Asphalt and Unpaved 22 
Caimanes 28 Asphalt and Unpaved 23 
La Senda 30 Asphalt and Unpaved 23 
Custro Oj itos 32 Asphalt 23 
Chane 40 Asphalt 23 
Source: Carlos Castro, cane manager of Guabira', 1971. 
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Table 6b. Transportation costs to the La Belgica Mill 
Location Distance to Mill Cost Km. $b/Ton 
From 5 Kms. 5 10 
Warnes 8 12 
Chane Roda 11 14 
Juan Latino 15 15 
El Tajibo 18 20 
Montero 28 20 
Puesto Mendez 34 25 
Santa Maria 39 25 
Saavedra 40 25 
Mineros 53 30 
Source: Carlos Castro, cane manager of Cuabira ' , 1971. 
Table 6c. Transportation costs to the San Aurelio Mill 
Location Distance to Mill Cost Km. $b/Ton 
Warnes 40 18 
Puesto Mendez 68 25 
Santa Maria 72 25 
Saavedra 75 25 
Charas 75 25 
Portachuelo 78 30 
Mineros 85 30 
Cuatro Oj itos 93 34 
Source: Carlos Castro, cane manager of Guabira', 1971. 
Table 7. Transportation rates in 10 Km. intervals 
0-10 Kms. 
'$bl2/ ton 
11-20 Kms. 
$bl6/ton 
21-30 Kms. 
$b21/ton 
31-40 Kms. 
$b23/ton 
41-50 Kms. 
$b24/ton 
51-60 Kms. 
$b24/ton 
61-70 Kms. 
$b26/ ton 
71-80 Kms. 
$b27 I ton 
81-90 Kms. 
$b30/ton 
91-100 Kms. 
$b34/ ton 
101-110 Kms. 
$b36/ton 
111-120 Kms. 
$b38/ton 
121-130 Kms. 
$b40/ton 
39 
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more than one mill and this makes it difficult to determine the cost of 
transportation for the individual producers. The reason the producers 
deliver to more than one mill is that in order to obtain credit in Santa 
Cruz, the producer must be able to guarantee the lending institution that 
his cane will be bought by one of the mills. Each year, the mills are 
given a quota of cane, which they can process, by the government. They 
i n turn establish quotas for producers and define how much cane each 
producer can deliver . Therefore, the producer seeks to establish a quota 
at more than one mill in order that he can always have a quaranteed 
delivery point for all his cane and in turn receive credit. 
The government allows a producer to establish a quota at only one 
mill in the region. The producers can circumvent this rule by shipping 
cane to other mills under the names of their wife or children. 
This makes it very difficult to determine how much each producer is 
paying for transportation costs. He may be delivering part of his cane 
to a mill very near his operation in his own name and the rest of his 
cane to a mill that is several kilometers away in the name of his wife. 
Therefore, he will be paying two entirely different transportation costs 
under different names. 
In order to establish an average cost of transporting cane to each 
of the three mills, interviews were conducted with the management of each 
mill. They were asked to give an estimate as to what they felt was th e 
most representative average cost of delivering a ton of cane to their 
mill. These are the costs, that are utilized below. 
On an average basis, the cost of delivering cane to the three mills 
was given as follows: (1) Guabira', $b20 per metric ton, (2) La Belgica, 
$b25 per metric ton and (3) San Aurelio, $b30 per metric ton. 
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The capacity of each of the plants is as follows: (l) Guabira, 
445,200 metric tons of raw cane per season, (2) La Belgica, 539,000 
metric tons of raw cane per season and (3) San Aurelio, 401,200 metric 
tons of raw cane per season. 
Given the above figures, the yearly cost of transporting cane to the 
three mills would be $b8,904,000 for Guabira', $bl3,475,000 for La Belgica 
and $bl2,036,000 for San Aurelio. The total transportation cost for the 
total system, based on average cost, is $b34,415,000 per year. 
Table 8 gives the principle production areas for the Santa Cruz 
region and their distances from each of the mills. Table 9 gives the 
cane production for each of these regions and the number of producers in 
e.ach production area. This information was used in conjunction with a 
least-cost linear program &nd a solution was obtained. By forcing each 
production area to transport its cane to the most economical plant, the 
total transportation cost for the entire system would be $b33,336,330 per 
year. (See Table 10) This represents a yearly savings of $bl,078,670 or 
3.2 percent over the present system. 
Figure 5 is a general map of the Santa Cruz region which clearly 
defines the transportation and river systems in the area under study. 
Figure 6, which shows the same general area, is a map of the Santa Cruz 
region showing where each producer area would deliver its cane under the 
least-cost model. Although zones of influence are not readily visible, a 
close examination of the map (Figure 6) shows that certain areas can be 
defined as production areas which should deliver their cane to a Rpecified 
mill. 
According to the least-cost model, Guabira ' would rece -ive most of its 
cane from the area north of Montero up to and including Cuatro Ojitos. 
1,2 
Table 8 . Existing production areas i n Santa Cruz and their distances 
from the mills (in kilometers) 
Production Area Distances from the mills 
Number Name Guabira' La Belgica San Aurelio 
1 California 39 74 94 
Aroma 24 58 82 
3 Cuatro Oj itos 40 78 98 
4 Caimanes 44 81 101 
5 Portachuelo 22 52 76 
6 Yapacani 79 109 131 
Min eros 30 68 88 
8 Chane 49 84 105 
9 Candelaria 42 26 46 
10 Los Ciervos 52 38 61 
ll Illimani 46 84 104 
12 Los Amarillos 33 71 93 
13 Los Chacos 34 68 91 
14 Chuchio 44 35 32 
15 San Felix 20 57 79 
16 Asusaqui 20 29 52 
17 La Belgica 32 4 35 
18 La Guardia 88 58 29 
19 Palmar Viruez 67 42 14 
20 Naico 11 45 67 
21 La Lorna 9 39 62 
22 San Pedro 70 103 126 
23 Warnes 31 16 38 
24 Saavedra 19 56 78 
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Tab l e 8 . Cont i nued 
Production Area Distances from the mills 
Number Name Guabira' La Belgica San Aurelio 
25 Guabira' 4 37 61 
26 San Salvador 30 69 90 
27 Terebinto 44 21 33 
28 Tocomechi 45 26 46 
29 La Angostura 105 85 61 
30 Villa Arr ien 73 53 22 
31 Tarumaco 35 16 37 
32 Santa Teresa 22 59 79 
33 Sta . Rosario 45 28 50 
34 Santa Rosa 33 69 94 
35 Sta. Martha 31 69 90 
36 San Miguel 29 66 87 
37 San Juan 29 63 85 
38 San Carlos 58 94 115 
39 San Aurelio 59 38 4 
40 San Antonio 37 19 34 
41 Okinawa 63 60 76 
42 Paurito 43 48 18 
43 Naranj ito 12 23 54 
44 Montero Hoyo 76 51 45 
45 Monte Verde 51 84 l12 
46 Monte Cristo 42 30 53 
47 Los Munecas 46 82 103 
48 El Naranjal 12 32 53 
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Table 8. Continued 
Production Area Distances from the mills 
Number Name Guabira' La Belgica San Aurelio 
49 Juan Latino 23 15 43 
50 Cotoca 69 48 22 
51 Buena Vista 48 85 105 
52 Colpa 44 11 38 
53 Pi co de Monte 24 61 83 
54 Buen Retire 63 98 122 
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Table 9. Existing production and number of producers from each production 
area 
Production Area Total Production Number of Producers Number Metric tons 
1 19.722 53 
2 46,349 175 
140,998 455 
4 27,081 158 
35,595 65 
6 69,377 75 
111,433 224 
8 103,143 343 
9 27,212 57 
10 6,490 19 
11 6 ,418 54 
12 21,439 124 
13 57,849 191 
14 26,802 51 
15 13,561 64 
16 78,180 102 
17 35,950 50 
18 12,970 50 
19 21,000 57 
20 89,375 123 
21 38,570 45 
22 14,620 67 
23 48,260 71 
24 66 ,635 185 
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Table 9. Continued 
Production Area Total Production Number of Producers Number Metric tons 
25 63,360 80 
26 6, 713 46 
27 8,597 28 
28 12,760 31 
29 336 2 
30 3,080 3 
31 15,590 19 
32 340 4 
33 692 8 
34 790 4 
35 7,908 33 
36 4,280 11 
37 7,545 34 
38 7,820 15 
39 6,930 12 
40 2,654 21 
41 7,740 17 
42 7,545 28 
43 1,730 3 
44 10,100 2 
45 1,540 4 
46 7,310 11 
47 2,240 5 
48 20,560 16 
Table 9 . Continued 
Pr oduc tion Area 
Number 
49 
so 
51 
52 
53 
54 
Total: 
Total Product i on 
Me tric tons 
21,430 
4,690 
7,250 
4,260 
14,480 
9,240 
1,385,400 
47 
Number of Producers 
29 
16 
28 
5 
26 
9 
Total : 3,408 
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Table 10. Minimum cost system for transporting sugar cane in Santa Cruz 
Producer Area Mill site Amount Delivered Total Cost Number Name Metric tons $b 
3 Cuatro Ojitos Guabira' 140,998 3,242,954 
4 Caimanes 27,081 649,944 
Mineros 111,433 2,340,093 
ll Illimani 6,418 154,032 
12 Los Amarillos 21,439 493,097 
15 San Felix 13,461 216,965 
24 Saavedra 66,635 1,066,160 
26 San Salvador 6, 713 140,973 
34 Santa Rosa 790 18,170 
35 Santa Martha 7,908 181,884 
36 San Miguel 4,280 89,880 
38 San Carlos 4,734 118,350 
47 Los Munecas 2,240 53,760 
51 Buena Vista 7,250 174,000 
53 Pi co de Monte 14,480 304,080 
54 Buen Retiro ~ 240,240 
Total: 445,200 Total: $b9,484,593 
2 Aroma La Belgica 46,349 1,158, 725 
5 Portachuelo 35,595 889,875 
6 Yapacani 66,238 2,384,568 
10 Los Ciervox 6,490 149,270 
13 Los Chacos 47,849 1, 504,071, 
16 Azusaqui 78,180 1,641,780 
17 La Be1gica 35,590 431,400 
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Table 10 . Continued 
Producer Area Mill site Amount Delivered Total Cost Number Name Metric tons $b 
20 Naico La Belgic a 59,529 1,428,696 
21 La Lorna 38,570 887,110 
22 San Pedro 14,620 526,320 
25 Guabira' 63,360 1,457,280 
43 Naranjito 1,730 36,330 
45 Monte Verde 1,540 46,200 
46 Monte Cristo 7,310 153,510 
49 Juan Latino 21,430 342,880 
52 Colpa --~~Q 68,160 
Total: 539,000 Total: $bl3,106,178 
1 California San Aurelio 19,722 670,548 
8 Chane 103,143 3,713,148 
9 Candelaria 27.212 653,088 
14 Chuchio 26,802 616,446 
18 La Guardia 12,970 272,270 
19 Palmar Viruez 21,000 336,000 
20 Naico 29,846 775,996 
23 Warnes 48,260 1,109,980 
27 Terebinto 8,597 197.731 
28 Tocomechi 12,760 306,240 
29 La Angostura 336 8,736 
30 Villa Arrien 3,080 64,680 
31 Tarumaco 15,590 358,570 
32 Santa Teresa 340 9,180 
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Table 10 . Continued 
Producer Area Mill site Amount Delivered Total Cost Number Name Metric tons $b 
33 Sta. Rosario San Aure lio 692 16,608 
37 San Juan 7, 545 226,350 
38 San Carlos 3,086 111,096 
40 San Antonio 2,654 61,042 
41 Okinawa 7,740 208,980 
42 Paurito 7,545 120,720 
44 Montero Hoyo 10,100 242,400 
48 El Naranjal 20,560 514,000 
50 Co toea -~ 98 490 
Total: 401,200 Total: $bl0, 775,559 
Grand Grand 
Total: 1 , 385, 400 Total: $b33 ,366,330 
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Figure 6. Least - cost t ra nsportation model for existing sys tem 
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This area is bounded on the west by the Rio Pira y and on the east by the 
Rio Grande. There is also an area of influence in the Buena Vista region 
which includes part of San Carlos' production, Buen Retiro's production 
and Santa Rosa's production. 
La Belgica's area of influence is bounded on the north by the main 
east-west highway, on the west by the Portachuelo area and on the east by 
the Monte Verde and Los Ciervos region. There are a few outlying areas 
that should also be included, these are: Yapacani and Aroma. 
San Aurelio would receive its cane from a much wider area than the 
other two mills. This is because San Aurelio is located south of the 
main cane producing region and must take the cane that is left after the 
capacity of Guabira' and La Belgica have been met. Its area of influence 
is all the cane production to the south of Santa Cruz, the area bounded 
on the west by Terebinto and on the east by Monte Hoyo. It is bounded on 
the north by the Tocomechi area. In order to fill its capacity, San 
Aurelio must draw cane from severa l distant re gions. These include 
Okinawa, Chane, Sta. Tereba and part of Naico's production. There is also 
an area near California which includes San Juan and part of San Carlos 
where cane must be drawn from. 
The reason that the cane is drawn from such diverse locations in 
order to fulfill the capacity of the plants, is that the leas t-cost model 
minimizes the transportation cost for the entire system and not for each 
plant separately. It forces the cane to go to the most economic plant in 
terms of the whole system and makes this choice by using producer distance 
from the mills and amount of cane to be delivered as variables. 
As was indicated earlier, the present cost of trans portation for the 
sys tem is approximately $b34,415,000 per year . This represents an average 
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cost of $b20 per ton for cane delivered to Guabira', $b25 for cane 
delivered to La Belgica and $b30 for cane delivered to San Aurelio. 
Under the least-cost system defined above, the total cost would be 
$b33,336,330 , which is an annual savings of $bl,078,670. This represents 
an average cost of $b21.30 per ton for cane delivered to Guabira, $b24.32 
per ton for cane delivered to La Belgica and $b26.86 per ton for cane 
delivered to San Aurelio. 
Alternatives for reducing trans-
portation costs 
In the previous section a least-cost transportation model was 
described for the transport of cane to the mills in the Santa Cruz region. 
(Alternative 1.) This least-cost model, demonstrated that over a million 
pesos could be saved on the cost of transportation when compared with 
the cost of the present system. 
However, other alternatives for reducing the cost of transportation 
also exist. There are three other major alternatives, which if 
implemented, might reduce the cost of transportation. The first alter-
native is to shift the mill most distant to the major area of cane 
production closer to this production, the second alternative is to close 
down this distant mill and increase the capacity of the other mills, and 
the third alternative is to shift the areas of production closer to the 
existing mills. In this section, these alternatives will be analyzed. 
Relocating and/or increasing the capacity of the mills. It is 
evident from the previous section of this study, that in terms of trans-
portation costs, San Aurelio has the least advantageous location of all 
mills in the Santa Cruz region. The average cos t of transporting the 
cane to this mill is $b30 per ton and under the least-cos t model this 
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drop s to $b26 . 86 per ton. The high cos t of shipping cane to San Aurelio, 
could be allevia t ed by shift ing the mill site to the northern part of 
the region, nearer the major production areas. 
Alternative 2. At the present time, the management of San Aurelio 
have plans for sh ifting part of their operation to the Buena Vista area. 
This is 60 kilometers to the north-west of the present location. One 
measure of the consequences of such a shift is to compare the cost of 
mak ing the shift with the savings in transportation cos ts. 
It i s estimated by knowlegable people in the sugar cane industry in 
Santa Cruz, that the cost of moving a mill such as the one at San Aurelio 
would be between $b62.5 and $b75 million. 
By utilizing the least-cost transportation mod el, the cost of tra ns -
port ing cane to San Aurelio verses the cos t to Buena Vis ta can be 
ana l yzed in terms of a least-cost transportation system . Under the least-
cost distribution system, the annual cost of transporting cane to San 
Aurelio is $bl0,776,232. Using the least-cost method, the cost of 
transporting cane to Buena Vista is $b9,735,362 per year. This represents 
a yearl y savings of $bl,040,870 over the present location. 
Moving the San Aurelio mill to Buena Vista would effect the entire 
leas t-cos t distribution system. The total transportation cost of the 
distribution sys tem with San Aurelio at its present loca tion is $b34,415,000. 
The cos t of the total system with the plant at ~1enn ViHta is $b30,2 25 ,46 5 , 
whi ch represents a savings of $b4,189,535 per year. I f the cos t of moving 
the San Aurelio plant to the Buena Vi sta area is assumed to be $b68.75 
million, this amount can be amortized over the life of the plant and 
compared with the savings that would be gained f rom lower transportation 
costs. 
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The quoted interest rate in Santa Cruz is 15 percent. If the plant 
had a life of 20 years, the annual repayment on the $b68.75 million 
relocation investment would be $bl0,983,500, for 25 years the annual 
repayment figure would be $bl0,635,556 and for a 30 year life the annual 
repayment would be $bl0,470,625. This shows that, depending on the life 
of the plant, an annual yearly payment of between $bl0 and $bll million 
would have to be made. The annual repayment figure is more than twice 
that of the annual savings from transportation ($b4,189,535). 
The effect on the total distribution system can be seen by examining 
Figure 7 and comparing it with Figure 6. 
Alternative 3. Another alternative that could be implemented is to 
close San Aurelio and have the cane presently being delivered to San 
Aurelio go to La Belgica and Guabira'. 
An average milling season in the Santa Cruz region is 180 days. How-
ever, because of the shortage of cane over the past five year period, the 
average milling season for La Belgica and Guabira' has been 157 days and 
the average for San Aurelio has been 118 days. If San Aurelio was 
closed, La Belgica and Guabira' could extend their milling season to 180 
days. This would mean that 1,134,000 metric tons of cane could be milled 
per season which is the combined capacity of the two mills. This is 
254,539 metric tons less than is currently being milled per season by the 
three processing plants. This alternative represents large savings in 
transportation costs with no additional capital investment in plant sites. 
However, it should be emphasized that this alternative reduces the total 
milling capacity of Bolivia by about 18 percent. 
Under the least-cost distribution system, the annual cost of trans-
porting the cane to Guabira' and La Belgica would be $b23,885,633. If 
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Figure 7. Least-cost transportation model with San Aurelio deleted and 
Buena Vista added 
ICC: 
c=J Cane to Guabira' 
~ Cane to La Belgica 
l1liil1 Cane to Buena Vista 
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1,134,000 metric tons of cane were delivered t o the three plants, under 
the existing system, the total cost would be $b28 ,1 79,900 . By closing 
San Aurelio and delivering only to the other two mills, a yearly savings 
of $b4,294,267 could be realized. This distribution system is shown in 
Figure 8. 
Alternative 4. By increasing the daily capacity of Guabira' and 
La Belgica by 25 percent and lengthing the milling season to 176 days 
per year, the total amount of cane now being produced in Santa Cruz 
could be handled by these two mills. This represents an increase in the 
capacity of Guabira' from 445,200 metric tons per season to 616,000 metric 
tons per season and an increase in the capacity of La Belgica from 
539 ,000 tons per season to 770,000 tons per season. The estimated cost 
of incr easing the daily capacity of Guabira ' by 25 percent is Sb8,862,000 
(7). In order to increase the daily capacity of La Belgica by 25 percent, 
an es timated investment of $bl6,352,875 would be required (7). This is 
a total investment of $b25,214,875 for the two plants. 
The total annual transportation cost for this t wo-plant system would 
be $b28,903,321. This represents a savings of $b5,511,679 per year over 
the present system where the three plants are involved. This means that 
it would take 4.6 years (not including interest charges), for the savings 
from transportation to equal the cost of increas ing the daily capacity of 
Guabira' and La Belgica by 25 percent . 
If the cost of increasing the capacity of Guabira' and La Belgica by 
25 percent is amortized over the life of the plants, a direct comparison 
can be made between savings in transportation costs and cos ts of increasing 
plant capacities. If the life of the plants is considered to be 20 years, 
then at a 15 percent interest rate, the annual repayment figure for a 
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Figure 8. Least-cost t ransportati on model with San Aurelio deleted and a 
180 day milling season for Guabira ' and La Belgica 
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total inves tment of $b25,214,875 would be $b4,029,337, for a 25 year 
period the annual repayment figure would be $b3,900,741 and for a 30 
year period the annual repayment would be $b3,840,225. The savings from 
lowered transportation costs would be greater than the annual repayment 
costs under all three of the assumed conditions. This distribution 
system is shown in Figure 9. 
In summary, it can be seen that several alternatives exist for the 
sugar cane industry to lower their transportation costs. These alter-
natives are compared in Table 11. 
Alternative 1 is the least-cost distribution of the system as it 
now exists. Alternative 2 is the least-cost distribution system with 
the plant at San Aurelio moved to the Buena Vista location and La Belgica 
and Guabira' remaining where they are. The capacities and length of 
mi lling seasons are the same in Alternative 2 as in Alternative 1. Alter-
native 3 is the least-cost distribution of the system with San Aurelio 
closed down and the milling season of Guabira' and La Belgica increased 
to 180 days. Alternative 4 is the least-cost distribution of the system 
with San Aurelio closed down, a 25 percent increase in the milling 
capacity of La Belgica and Guabira' and a 176 day milling season for both. 
Shifting production areas nearer 
existing mills 
In this section, the alternative will be analyzed whereby the effects 
of the drought and soil fertility decreases, in the southern reKion, cnn 
be overcome (via irrigation and improved management) and production 
shifted back to its original location near the existing mills. The 
location of the existing mills would be held constant. 
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Figure 9. Least-cost transportation model with San Aurelio deleted and 
a 25 percent increase in the capacities of Guabira' and 
La Belgica 
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Table ll . Alternatives for reducing sugar cane transportation costs in Santa Cruz 
Present 
Situation 
Alternative l 
Alternative 2 
Alternative 3 
Alternative 4 
Total amount 
Na trix system of cane available 
(M . T.) 
--- 1,388,539 
3 X 541 1,388,539 
3 X 54 1,388,539 
2 X 54 1,388,539 
2 X 54 1, 388 ,539 
lThree plants, 54 producer sites 
Total capac ity 
of plants 
(M. T.) 
1,385,400 
1,385,4002 
1,385,4003 
1,134, 0004 
1,386 ,0006 
Tota l transportation 
cost 
($b) 
34,415,000 
33,366,330 
30,225,465 
23,885,633 
28,903,321 
~et transportation 
savings 
($b) 
1,048,670 
4,189,535 
4,294,2675 
5,511,679 
2Based on a milling season of 149 days for Guabira ' wi th a 2800 N. T. per day capacity, 154 day milling 
season for La Belgica with a 3500 M. T. per day capaci t y, and a milling season of 118 days for San 
Aurelio with a 3400 M. T. per day capacity 
3same as #1 except Buena Vista is substituted for San Aurelio 
4Based on a 180 day milling season for La Belgica and Guabira' 
5Based on t he assumption that 1,134,000 metric tons of cane would be distributed among the three plants 
at a total transportation cost of $b28,179,900 as compared to $b34,415,000 for 1,385,400 metric tons 
6Twenty-five percent increase in capacity of Guabira' and La Belgica with a 176 day milling season 
o-
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Development of irrigation projects. The most logical way of over-
coming the effect of the drought in the southern region and relocating 
cane production to this area, is to develop irrigation projects. 
The feasibility of irrigation projects in the southern region 
depends upon many factors. One of the most important factors is the 
type of land available for cane production. A study of the land systems 
of the Santa Cruz region, (See Figure 2), indicates that those areas 
most suitable for cane production are not all physically feasible for 
the development of irrigation projects. The area designated as Soil 
Type 02--Colpa, on the land systems map, is such an area. According to 
the analysis made by Dr. Cochrane (4), this area has drainage problems 
and the natural fertility of the soil has been depleted. Minor 
possibilities do exist in this area for the production of cane, but a 
large scale irrigation project would not be physically feasible. Another 
area in the southern region that appears to have characteristics 
unsuitable for irrigation development is Area #20--Chapparal, which is 
described as a low-lying semi-swamp area. If these two areas are 
excluded from irrigation development in the southern region, it leaves 
Area 021--Piray as the most feasible area for large scale irrigation 
projects. This area includes all of the land between Santa Cruz and 
Montero and is the area where cane was initially grown. 
The economic feasibility of relocating sugar cane production from 
the northern region to the southern region can be based on the criteria 
of comparing the savings from transportation costs, if production takes 
place in the southern region, with the cost of developing irrigation 
projects in the southern region. Again, this comparison is rMde hy 
utilizing the least-cost transportation model. 
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In order to ana l yze the impac t on transportation cos t s, sugar cane 
production that is now l ocated i n the northern region must be shifted to 
the southern region. For the purposes of this por t ion of the study, the 
amount of sugar cane production which is located beyond 30 kilometers to 
the north of Guabira' was hypothetically shifted to the area between 
Santa Cruz and Montero. 
The dis tance of 30 kilometers was used because a careful examination 
of production patterns, in the region to the north of Guabira', shows 
tha t much of the cane which was formerly grown in the southern region i s 
now being grown in the northe rn r egion in recently developed colonies 
which a r e beyond the 30 kilometer point. Onl y in the last ten years has 
a subs tantial portion of the cane crop in Santa Cruz been grown in this 
northern region. By hypothetically shifting this northern production 
back to the southern region, the sugar cane production pattern will 
close l y resemble the production situation for sugar cane as it orginally 
existed when mos t of the production t ook place in the Warnes-Mon t ero 
region. 
The areas whose production would be shif ted from the northern region 
to t he southern region include the following producer a reas : no.'s 4, 6, 
8 , 11, 22 , 38, 41, 45, 47, 51, and 54. (See Table 9) 
If all cane which is grown more than 30 kilometers to the north of 
Guabira ' were shifted to the southern region, the total cos t of trans-
portation fo r the system wo uld be $b29 ,139,450 per year. This i s compared 
to a t otal cost of $b34 ,415,000 per yea r for the ex i st ing sys tem. Tl1e 
production shift represents a savings of $b5 , 275 ,550 pe r year in trnnH-
porta t ion costs. On a per ton basis, the average transportation cos t of 
the existing system is $b24.08. With the relocation of the production 
areas, the average cost would be $b21.03 per ton of cane transported. 
The areas of delivery are shown in Figure 10. 
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If all cane currently being produced more than 30 kilometers to the 
north of Guabira' were produced in the area between Montero and Santa 
Cruz, it would be necessary to shift the production of 256,469 metric 
tons of cane from the northern region to the southern region. 
According to the study completed by the USAID Study Team, (l) if 
the land in the Santa Cruz area is irrigated, and fertilizer is used, a 
yield of 120 tons per hectare could be achieved. This means that in 
order to raise the amount of cane in the southern region which would be 
displaced from the north, an irrigation project capable of irrigating 
2,137 hectares would be needed. If this were done, the present level of 
production would be maintained and transportation costs would be lowered. 
The cost of implementing an irrigation project capable of irrigating 
2,137 hectares, varies greatly with the type of system. In the analysis 
completed by the USAID Study Team (1), four methods are described and the 
per hectare costs are given. These four methods are: (l) sprinkler 
irrigation from a well, (2) surface irrigation from a well, (3) sprinkler 
irrigation from a river, and (4) surface irrigation from a river. The 
total annual per hectare costs given for the four irrigation systems 
described above are: (l) sprinkler irrigation from a well = $b2505, (2) 
surface irrigation from a well = $b2470, (3) sprinkler irrigation from 
a river = $bl630 and (4) surface irrigation from a river = $b675. 
The per hectare costs which are used, were calculated from a farm 
unit of 150 hectares for sprinkler irrigation and a farm unit of 100 
hectares for surface irrigation. In considering the cost of irrigating 
21 37 hectares, some positive economies of scale could possibly be 
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Figure 10. Least-cost transportation model with production of Northern 
Regions shifted t o the South 
Key: 
1-54 Producer Area Numbers (See Table 8) 
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r ea l ized . However, because o f the lack of data for estimat ing the 
s avings that might be realized from a larger unit, the per hectare costs 
of the USAID Study Team will be used in this study without adjustment. 
Based upon the total annual per hectare costs given for the various 
irrigation systems, the total annual cos t of developing these systems, 
in order to irrigate 2137 hectares, would be as follows: (1) sprinkler 
irrigation from a well, $b5,353,185 per year, (2) surface irrigation 
from a well , $b5,278,390 per year , (3) sprinkler irrigation from a 
river, $b3,483 ,310 per year, and (4) surface irrigation from a river, 
$bl,431,790 per year . 
These four systems, their annual per hectare costs, and the cost of 
irrigating 2137 hectares with these systems are compared in Table 12. 
Another cost that must be included if 120 tons per hectare are to 
be grown in the southern region is fertilizer. The soils in the area 
between Santa Cruz and Montero are quite depleted and would require a 
large amoun t of fertilizer if 120 tons per hectare of cane were to be 
grown . Table 13 gives the types and costs of fertilizers available in 
the Santa Cruz area. 
In order to rehabilitate the land in the area between Santa Cruz and 
Montero, an application of 300 kg. per hectare per year would be necessary. 
Considering an average cost of $bl20 per 50 kgs., the cost of [ertJllz!ng 
one hectare would be $b720. The cos t of fertilizing 21J7 hectoreH would 
be $bl ,5 38,640. 
A comparison of the costs of developing irrigation projects and 
fertilizing the land in the southern regions, with the savings that would 
be obtained from lower transportation costs is shown in Table 14 . 
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Table 12. Annual costs of irrigating 2137 hectares in Santa Cruz 
Type of system 
1. Sprinkler from 
well 
2 . Surface from 
well 
3. Sprinkler from 
river 
4. Surface from 
river 
Annual cost per hectare 
$b 
2,505 
2,470 
1,630 
675 
Annual cost for irrigating 
2137 hectares 
$b 
5,353,185 
5,278,390 
3,483,310 
1,431,790 
Source: Irrigation Analysis for Selected Crops, Santa Cruz, Bolivia, 
USAID Study Team, 1972. 
Table 13. Fertilizers available in Santa Cruz and fertilizer costs 
Unit Product Price 
Sack (50 kilos) 15-15-15 $bll9 .00 
18-46-0 124.00 
13-39-0 
16-20-0 
Urea 46% 115 0 50 
Source: Grace and C. I. A. (Bolivia) S. A, 1972. 
Table 14. A comparison of the cost of developing 2137 hectares in the southern region of Santa Cruz, with the 
savings from lowered transportation costs 
Annual Irrigation Annual Fertilizer 
Type of Sys tem Costs Eer Hectare Costs Per Hectare 
$b $b 
1. Sprinkler from a 
well 2,505 720 
2. Surface from a 
well 2,470 720 
3. Sprinkler from a 
river 1,630 720 
4. Surface from a 
river 675 720 
Total Annual Total Annual Trans-
Cost for 2137 Hectares EOrtation Savings 
$b $b 
6,891, 825 5,275,550 
6,817,030 5,275,550 
5,021,950 5,275,550 
2, 970,430 5,275,550 
Net Gain 
or Loss 
---sb 
-1,616 , 275 
-1,541,4 80 
+ 253,600 
+2, 305 , 120 
a-
"' 
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Table 14 shows that two types of irrigation developments would cost 
less per year than the yearly savings from transportation costs. These 
two systems are: (1) sprinkler irrigation from a river, which would 
cost $b5,021,950 annually to irrigate 2137 hectares and is $b253,600 less 
than the savings from transportation, and (2) surface irrigation from a 
river which would cost $b2,970,430 annually to irrigate 2137 hectares 
and is $b2,305,120 less than the annual savings from transportation costs. 
Another factor that must be considered if cane production is to be 
relocated to the southern region, is the question of comparative advantage. 
The major crop in the southern region is cotton. If sugar cane is 
relocated to this area, it must compete with cotton on an economic basis. 
According to the study completed by the USAID Study Team (1), sugar cane 
is the second most profitable crop in the Santa Cruz region and cotton 
is the first. If irrigation and fertilizer were used in this southern 
region, according to the above mentioned study, the total return for a 
hectare of cotton would be $bll,l00 and the total return for a hectare of 
sugar cane would be $bl0,800. 
Sugar cane is nearly as profitable as cotton, on a per hectare 
basis, if both irrigation and fertilizer are used. The high return for 
cotton, depends in large part, on the high price of cotton on the world 
market. If this market should falter, cotton would lose much of its 
profitability. Sugar is, to a large degree, a domestic product in Bolivia 
and is not as susceptible to the risk of fluctuating prices which are 
inherent in the international cotton market. 
Therefore, when a normal cropping pattern is assumed, sugar cane 
compares very well to cotton on an economic basis, and could compete with 
cotton in the southern region. 
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SUMMARY AND CONCLUSIONS 
The drought conditions that have been developing in the Santa Cruz 
region of Bolivia for the last five years, culminated in a 45 percent 
reduction in sugar cane production in 1971. In the southern region of 
Santa Cruz, where the cane was traditionally grown, the drought and high 
world market prices for cotton, have caused the production of sugar cane 
to shift northward, where the drought has been less severe. Cotton has 
replaced much of the sugar cane in the southern region as the major crop. 
The northward shift of cane production has caused the production 
areas to be located much further from the mill sites than was previously 
the case. Because of the increased distance which the producers must 
transport their cane, the transportation costs have risen drastically in 
the last few years. 
The purpose of this study is to investigate means whereby the costs 
of transportation can be lowered. The alternatives investigated in this 
study were the development of a least-cost transportation scheme for the 
current distribution system, shifting the mills nearer the current 
production sites or shifting the current production sites nearer the 
existing mills. 
The data used were collected in the Santa Cruz region in June and 
July of 1972. Data concerning the physical factors involved in the 
production of sugar cane were obtained from studies completed by 
Dr. T. T. Cochrane of the British Agricultural Mission (4) and from the 
Experiment Station at Saavedra (6). Production costs for sugar cane 
were obtained from a study completed by the USAID Study Team (l), budgets 
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compiled by Senor Carlos Castro of the Guabira' sugar cane mill (2), and 
budgets prepared by Senor Eurique Gomez (3) in April and May of 1972. 
The costs of cane transportation were mainly obtained from studies 
completed by Castro of Guabira'. The current producers of sugar cane, 
the amount they produced and the distance they lived from the three mills, 
was obtained from a cane registry which was commissioned by the National 
Sugar Commission (C.N.E .C.A.) and included all cane producers in the 
Santa Cruz region. 
This information was used in conjunction with a least-cost trans-
portation model. The cost of shifting the mill sites to the northern 
region was obtained from personal interviews with the mill owners. The 
cost of developing various types of irrigation projects was obtained from 
the study completed by the USAID Study Team (1). 
The information obtained from the cane registry, provided a record 
of current transportation costs fo r the existing distribution system. 
These data were used in conjunction with a least-cost transportation 
model in order to provide a comparison between the existing transportation 
cost situation and a least-cost situation. Analysis was also made of 
three other general alternatives whereby transportation costs could be 
lowered. The first alternative was to shift the site of the mills nearer 
the current production areas. The second alternative was to close the 
most uneconomical mill and increase the capacity of the other two mills. 
The third alternative was to relocate current production areas nearer the 
existing mills by means of irrigation projects and the use of fertilizer. 
Results of the Cochrane study (4) show that the areas best suited 
for the production of sugar cane, in the Santa Cruz region, are those 
areas designated as Soil Type 21, 22, and 23 on the land systems map 
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(Figure 2). Area 21 shows the best potentiality for cane production to 
the north of Montero where much of the natural fertility still exists in 
the soil and rainfall has been more favorable in the last few years. 
The development of a least-cost transportation model for the existing 
system shows tha t $bl,078,670 pesos could be saved yearly if cane were 
transported to the most economical mill as defined by the least-cost 
model. 
Other alternatives for lowering transportation costs also exist. If 
the alternative of moving the most southern mill to the northern region, 
nearer the current production area, was adopted, the approximate cost of 
moving the mill would be $b68.75 million and the yearly savings in trans-
portation costs for the entire system would be $b4,189,535. However, 
annual costs are greater than annual transportation savings. If the 
southern mill (San Aurelio) was closed down and the milling season of 
La Belgica and Guabira' was increased to 180 days from the present average 
of 157 days, 1,134,000 metric tons of cane could be milled yearly and 
$b4,294,267 could be saved in annual transportation costs. However, 
milling capacity is reduced by 18 percent. If San Aurelio was closed 
and the daily capacity of La Belgica and Guabira' was increased by 25 
percent, with a 176 day milling season, then all of the cane being 
currently produced in Santa Cruz could be processed and $b5,511,679 per 
year could be saved in transportation costs. The cost of increasing the 
capacity of La Belgica by 25 percent would be $bl6,352,875 and the cost 
of increasing the capacity of Guabira' by 25 percent would be $b8,862,000. 
The alternative of shifting production areas from the northern region 
back to the southern region, by the use of irrigation projects and 
fertilizer required that 2,137 hectares of land be irrigated and fertilized 
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in the southern region. This land would ha ve to produce 120 metric tons 
per hectare of sugar cane if current production levels were maintained. 
This means that no sugar cane would be produced further to the north than 
30 kilometers from the northern most mill (Guabira'). 
Four types of irrigation projects could be developed in the southern 
region. These types and thei r annual per hectare costs are as follows: 
(1) sprinkler irrigation from a well, $b2,505; (2) sprinkler irrigation 
from a river, $bl,630; (3) f lood irrigation from a well, $b2,470 and 
(4) f lood irrigation from a river, $b675. The total cost of fertilizing 
2,137 hectares of land in the southern region would be $bl,538,640. This 
means that the total annual cost of developing irrigation projects and 
fertilizing 2,137 hectares is as follows for the various systems: (1) 
sprinkler irrigation from a well, $b6,891,825; (2) sprinkler irrigation 
from a river, $b5,021,950; (3) flood irrigation from a well, $b6,817,030 
and (4) flood irrigation from a river, $bl,970,430. 
The yearly savings in transportation costs would be $b5,275,550 if 
the production of 256,469 metric tons of sugar cane was shifted from the 
northern region back to the southern region. 
The most feasible alternative for lowering transportation costs is 
to establish "zones of influence" from which producers could only deliver 
their cane to a certain mill (Alternative 1, page 36). These zones of 
influence can be defined by using the least-cost transportation model 
defined in this study. The initiation of this alternative would require 
no capital outlay and would save producers over $bl,OOO,OOO per year in 
transportation costs. 
Closing San Aurelio and thereby Jncreasin?, the mlll in~. AeaHon of 
Guabira' and La Belgic.a , (Alternative 3, page 56), would require no 
capital outlay. However, it would mean an 18 per cent decrease in the 
milling capacity of the country and may not be acceptable in terms of 
the country's increasing demand for sugar. 
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The best alternative, (Alternative 4, page 58), i n terms of moving 
the mills closer to production sites or increasing the capacity of those 
mills closest to the production sites, is to close the southern most 
plant (San Aurelio) and increase the daily capacity of the other two 
plants by 25 percent. This would mean an annua l savings of $b5, 511, 6 79 
in transportation costs. 
If San Aurelio were closed, and the mill was shifted to Buena Vista, 
transportation savings would be $b4,189,535, (Alternative 2, page 55). 
This is less than the savings from both Alternatives 3 and 4 and makes 
this alternative the least attractive. 
If production is shifted from the northern region to the southern 
region by means of irrigation projects and the use of fertilizer, two 
types of irrigation project s would cost less to implement than the annual 
savings from transportation costs . These two types of projects are 
sprinkler irrigation from a river and surface irrigation from a river. 
Sprinkler irrigation from a river and the use of fertilizers would cost 
$b5,021,950 for 2,137 hectares, which is $b253 ,600 less than the annual 
savings from transportation costs. Surface irrigation from a river plus 
the use of fertilizers would cost $b2,970,430 for 2,137 hectares. This 
cost compares to a savings of $b5,275,550 in yearly transportation costs. 
A consideration of all possible ways of lowering transportation costs 
suggest that there are two alternatives which best suit the current 
production conditions in Santa Cruz. The one that would cos t the least 
and be the easiest t o implement, is to set up "zones of i nf luence," fo r 
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the present production system, by means of the least - cos t transportation 
model presented in this study. The alternative t hat would have the most 
long-term effect and best serve the current production regions, is to 
close San Aur elio and i ncrease the capaci t y of the other two mills. This 
would mean that production could be concentrated in the northern r egion 
where the soils are the most fertile and rainfall is the most plentiful. 
At this time, irrigation projects would appear to be of a long-term 
nature. Their devel opment in the southern r egion for the irrigation of 
only sugar cane is questionable because of the depleted nature of the 
soil and competition from other crops. 
Irriga t ion developmen t in the southern region must be viewed in terms 
of the total agricultural situation in Santa Cruz. Other crops in the 
southern region, S 1Jch as soybea ns and cotton, would certainl y benefit 
from irrigation. If irrigation proj ec t s were deve l oped in the southern 
region, s ugar cane would enter in t o the cropping pattern as the r otation 
of crops was practiced by the pr oducer s . Therefore, in terms of a general 
development program, in the southern region, s ugar cane is one of the 
c r ops tha t would be grown. Since only 2,137 hectares of sugar cane need 
to be grown in the southern r egion, in order to maintain current 
production l eve l s , this would a lmost certa i nly be accomplished under a 
general development program in the southern region. 
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RECOMMENDATIONS FOR FURTHER RESEARCH 
The scope of this study ts somewhat specific, in that it deals 
mainly with the producer cost of transportin g cane to the mills in the 
Santa Cruz region. Some of the alternatives analyzed for adjusting these 
costs, suggest the potential need for further research. 
The two alternatives that were shown to be the most feasible, as 
measured by savings in transportation costs, were: (l) to develop "zones 
of influence" and (2) develop surface irrigation projects from the rivers. 
Both of these alternatives are producer oriented. The "zones of influence" 
concept requires no additional investment on the part of either the mills 
or the producers. The plants to which individual producers deliver their 
cane are designated in such a way as to minimize the cost of transportation, 
given the existing spatial distribution of plants and producers. The 
development of surface irrigation projects would require investment by 
producers, but no investment from the mills, in relocating production 
areas in such a manner as to improve the spatial relationship of mills 
and production. 
If either of these alternatives were jnstigated, the incidence of 
both benefits and cost would likely fall to the producers. Therefore, 
there would be no critical consideration with respect to equity IHsueA or 
the distribution of benefits and costs among producers and the plant s. 
Any investment costs would be borne by the producers and they would be 
the beneficiaries of the forth-coming benefits, in the form of trans-
portation savings. 
However, if the alternatives of either shifting the mill's sites 
nearer the production areas or closing the mill most distant from the 
curre nt produc tion areas were followed, equity issues may be relevant. 
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The mills would pass portions or all of the cost of moving their 
operations or i ncreasing their capacity on to the producers and/or the 
consumers. Closing or relocating a mill could affect the income 
distribution and economic conditions of the cane producers. It would be 
desirable therefore to understand the equity issues and distribution of 
benefits and costs related to these two alternatives; since such issues 
are relevant to the development strategy of Bolivia and the Santa Cruz 
region. If either of these two alternatives were instigated, the 
producers would realize savings in their transportation costs. However, 
the mills might feel justified in lowering the price they pay to the 
producers in order to cover their cost of moving or increasing the 
capacities of their plant. Further research would be beneficial in under-
standing how these two factors inter-relate and the ultimate effect it 
would have on the distribution of income and economic condition of 
producers in Santa Cruz. 
If the mills decided to pass a portion of the cost of moving a mill 
or increasing plant capacities, on to the consumer, research dealing with 
the price elasticity of demand for sugar in Bolivia would be beneficial. 
This information would be of great benefit to policy makers in deciding 
whether or not a portion of the cost of moving or increasing the capacity 
of the mills could be borne by the consumers. It would also be of great 
benefit in making projections of future demand for sugar in Bolivia. By 
understanding the responsiveness of consumers to a change in price for 
sugar, the policy-makers would have a tool whereby tltcy could project 
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future production needs and plant capaci ty requirements in order to meet 
fu ture demand. 
If the decision is made to relocate sugar cane production by means 
of irrigation projects, a study dealing with the sources of credit in 
Santa Cruz would be beneficial. A majority of the cane producers in 
Santa Cruz have small operations and would be unable to raise the necessary 
capital required for an irrigation project. A study which ou t lined 
possible sources of credit for these small producers would be necessary 
if irrigation projects were to be developed in Santa Cruz. 
Finally, if sugar cane production is relocated to the southern region, 
the comparative advantage of sugar cane as compared to other crops would 
need to be determined. This is especially true of cotton which has 
rep laced much of the s ugar cane formerly grown in the southern region. 
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Appendix A 
USAID Study Team Budgets for Sugar Cane Production 
Table la. Sugar cane- Per hectare costs, revenues and profits--without 
irrigation and without fertilizer 
Practices 
Plantation each 
5 year/hectare 
Fixed Cos ts 
(1) Land Preparation 
(2) Seed: 6 tons at $b. 94. 
(3) Planting: with tractor 2 hrs . 
manua l (10 men) 
(4) Replanting: 7 men 
Total Fixed Cost ----------------
(Amortized for 5 yrs. at 15%) 
Variable Costs 
(5) Cultivation with tractor, 2hrs. @ $b.50. 
(6) Cleaning: men (3 times) at $b.70. 
(7) Harvesting: $b.l5./ton 
(8) Transportation: $b . 25./ton at 35 ton/ha 
(9) Mai.ntenance of field roads 
(10) Depreciaition: tools, sheds, etc . 
(11) Repairs: tools, sheds, etc. 
Total Variable Costs 
(12) Interest on opera ting capi t al (1/2 total 
variable costs for 6 months at 15%) 
Total Annual Cost ---------------
Total Revenue: $b . 90./ton at 35 tons/ha 
$b . 450. 
564. 
100. 
150. 
100. 
$b.l. 364. 
(3 times) 
Annual Re turns to Land, Family Labor & ManagemenL 
Annual 
$b. hectare 
$b. 134 . 
168. 
30. 
45. 
30. 
$b. 407 . 
$b. 300 . 
210. 
525. 
875. 
20. 
19. 
12. 
$b .1. 961. 
74. 
$b.2 .44 2. 
$h.3 .150. 
$b. 708. 
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Tab l e l b . Sugar Cane - Per hectare costs , r evenues and profits--with 
irrigation and wi thout fertilizer 
Practices 
Plantation each 
5 year/hectare 
Fixed Cos t s 
(1) Land Preparation 
( 2) Seed : 6 t ons @ $b.94 . ea 
(3) Planting: with tractor 2 hrs 
Manual (10 men) 
(4) Replanting: men 
Total Fixed Costs ---------------
(Amortized for 5 years at 15%) 
Variable Costs 
(5) Cultivation with tractor 2 hrs @ $b.50. 
(3 times) 
(6) Cleaning: men (3 times) $b.l0. ea 
(7) Harvesting: $b.l5./ton @ 85 ton/ha 
(8) Transportation: $b . 25./ton at 85 ton/ha 
(9) Maintenance of Fie ld Roads 
(10) Depreciation: tools , s heds, etc. 
(11) Repa i rs: tools, sheds, etc. 
Total Variable Co s ts -----------
Interest on operating capital (1/2 total 
variable costs for 6 months at 15%) 
Total Annual Cost --------------
Total Revenue : $b.90. ton at 85 tons/ha 
$b. 450. 
564. 
100. 
150. 
100. 
$b .l. 3M. 
(13) Gross Annual Return to Water, Land, Family 
Labor and Management 
Annual 
$b. hectare 
$b. 134. 
168. 
30. 
45. 
30. 
$b . 407. 
$b. 300. 
210. 
1.275. 
2.125. 
20. 
19. 
12. 
$b.3.961. 
149. 
$b . 4.517. 
$b.7 . 650 . 
$b.3.133 . 
Tab l e l b . Continued 
Practices 
(14) Annual Irrigation Costs--
Sprinkler from well 
Surface from well 
Sprinkler from river 
Surface from river 
Plantation each 
5 year/hectare 
$b . 2.505. 
2.470. 
l. 630. 
675. 
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Annual 
$b. hectare 
$b . 628. 
663. 
l. 503 . 
2.458. 
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Table lc. Sugar Cane - Per hectare cos t s , revenues and profits--with 
irrigation and fertilizer 
Practices 
Fixed Costs 
(1) Preparation of land 
(2) Seed: 6 tons @ $b. 94. ea 
(3) Planting: with tractor 2 hrs 
manual (10 men) 
(4) Replanting: men 
Total Fixed Cost ----------------
(Amortized for 5 years @ 15%) 
Variable Costs 
(5) Cultivation with tractor 
2 hrs@ $b.SO. (3 times) 
(6) Cleaning : men (3 times) 
$b. 70. each 
(7) Harvesting : $b.l5./ton at 120 tons 
(8) Fertilizer: 8 bags @ $b. 60./ba g 
(9) Haintenance of Field l(oads 
(10) Depreciation: tools, sheds , etc. 
(11) Repairs ; tools, sheds, e tc. 
Plantation each 
5 years/hectare 
$b. 450. 
564 . 
100. 
150 . 
100. 
$b.l.364 . 
(12) Transportation to Plant: $b.25./ton@ 120 ton s 
Total Variable Cost ------------ -
(13) Interest on operating capi tal (1/2 total 
variable cost for 6 months @ 15%) 
Total Annual Cost ---------------
Total Revenue: $b.90 ./ton @ 120 ton/hectare 
Annual 
$b. hectare 
$b. 134. 
168. 
30. 
45. 
30. 
$b. 407. 
$b . 300 . 
210. 
l. 800. 
1,80. 
20 . 
19. 
12. 
3.000. 
$b.5. 741. 
__ 2!!..:_ 
$h.6.]6J. 
$b . 10.ROO. 
Table lc. Continued 
Practices 
(14) Gross Annual Returns to Water, 
Land, Family Labor & Management 
(15) Annual Irrigation Costs--
Sprinkler from well 
Surface from well 
Sprinkler from river 
Surface from river 
Plantation each 
5 years/hectare 
$b .2.505. 
2.470. 
1. 630. 
675. 
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Annual 
$b. hectare 
$b.4.437. 
1. 932. 
1. 96 7. 
2.807. 
3.762 . 
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Appendix B 
Sugar Cane Budgets Prepared by Carlos Castro 
Table la. Evaluation of one hec t are of f orested land, within a 15 kilo-
meter r ad ius of Guabira' 
The value of 1 hectare o f land in this zone is $bl , 500 . 
The investment required for 1 hectare of sugar cane grown 
on cleared land . 
1st Stage 
Manual forest removal @ $b450 /ha 
Leveling 
Burning 
Seed: 5 tons @ $b60/ton 
Planting 
Furrowing 
Total Investment for 5 years 
2nd Stage 
Two weedings @ $bl50 each 
Harvesting @ $bl 6/ton, 60 tons/ha 
Transporting @ $b l 3/ton 
To t al 1st year expenses 
NOTE: The 5 year investment total of $bl,l 50 will be 
pro-ra t ed over the period . 
1st Year 
Expenses for 1s t year 
Social Benefits for Workers 
Pro-rated fixed investment 
Total Investment 
For 60 tons @ $b65/ton 
To t al Cost 
Re turn 
$b 450. 
50 . 
50. 
300. 
100. 
100. 
100. 
$bl,150. 
$b 300. 
960 . 
780 . 
$b2, 040 . 
$b2,040. 
200. 
230. 
$b2,470. 
$b3,900. 
2,470. 
$bl , 430. 
Table la. Continued 
NOTE: The expenses for the 2nd year will be the 
same as for the lst year because yields 
are the same. 
lst and 2nd Year Cost/Ton 
Weeding 
Pro-rated fixed investment 
Total Investment 
$b~~O = $b8.83/ton ready to be harvested 
Cane ready to be harvested 
Harvesting and transporting 
Total Cost at Mill 
Average price paid for cane at the mill 
Less costs for cane 
Return 
Pre-harvest interest costs 
Net return per ton 
Percentage of price paid at mill returned to the 
producer for the lst and 2nd year = 40% 
3rd Year 
Average yield - 50 tons/ha. 
Two weedings @ $bl50 each 
Harvesting @ $bl6/ton, 50 tons/ha. 
Transporting @ $bl3/ton 
Total 3rd Year Expenses 
Expenses for 3rd Year 
Social Benefits for Workers 
Pro-rated fixed investment 
Total Investment 
$b 300. 
230. 
$b 530. 
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$b 8.83/ton 
29.00/ton 
$b 37.83/ton 
$b 65.00/ton 
37.83/ton 
$b 27 . 17/ton 
$b 1. 20 
$b 25.97 
$b 300. 
800. 
650. 
$bl,750. 
$bl,750. 
200. 
230. 
$b2,180 . 
Tab le l a . Continued 
50 tons/ha @ $b65/ton 
Total Cos t 
Return 
Cos t Pe r Ton 
Weeding 
Pro-rated f ixed investme nt 
Total Investment 
50$b
530 
= $bl0.60/ton ready to be harvested 
ton 
Cane ready to be harvested 
Harves ting and transporting 
Total Cost at Mill 
Average price at mill 
Le s s costs for c2.nc 
Return 
Pre -harvest inte rest costs 
Net return per ton 
Pe rcentage of price paid at mill returned to the 
producer for the 3rd year= 37 . 2% 
4th Yea r 
Average yield = 45 tons/ha. 
Two weedings @ $bl50 each 
Harvesting @ $bl6/ton, 45 tons/ha. 
Trans porting 0 $bl3/ton 
Total 4th Year Expenses 
Expenses for 4th Year 
Soc ial Benefits for Worke r s 
Pro- rated fixed investment 
Total Investment 
$b 3 ,250. 
2,180. 
$bl,070. 
$b 300. 
230. 
$b 530. 
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$b 10.60/ton 
29.00 / ton 
$b 39.60 / ton 
$b 65 . 00/ton 
39. 60/ton 
$b 25 . 40/ton 
1.20 
$b 24 . 20 
$h 100. 
770 . 
585. 
$bl,li05. 
$bl , li05. 
200. 
230 . 
$b2,035. 
Table la. Continued 
For 45 tons @ $b65/ton 
Total Cost 
Return 
Cost Per Ton 
\' eed ing 
Pro-rated fixed investment 
Total Investment 
4 ~~~~~ = $bll.78/ton ready to be harvested 
Cane ready to be harvested 
Harvesting and transporting 
Total Cost at Mill 
Average price pni,] at mill 
Les s cos t s for cane 
Return 
Pre-harvest interest costs 
Net return per ton 
Percentage of price paid at mill returned to the 
producer for the 4th year = 35.41% 
5th Year 
Average yield = 40 tons/ha. 
Two weedings @ $bl50 each 
Harvesting @ Sbl6/ton, 40 tons/ha. 
Transporting @ $bl3/ton 
Total 5th Year Expenses 
Expenses for 5th Year 
Social Benefits for Workers 
Pro-rated fixed investment 
Total Investment 
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$b2,925. 
$b2,035. 
$b 890. 
$b 300. 
230. 
$b 530. 
$b 11. 78/ton 
29.00/ton 
$b 40.78/ton 
$b 65.00/ton 
_ _ _ 4_0. 78/ton 
$b 24 .22/ton 
l. 20 
$b 23.02 
$h 300. 
640. 
520. 
----·-
$hl,4no. 
$bl,460. 
200. 
230. 
$bl,890. 
Table l a . Continued 
For 40 tons @ $b65/ton 
Total Cost 
Return 
Cost Per Ton 
Two weedings 
Pro-rated fixed inves t ment 
To t a l Investment 
$b530 = $bl3.25/ton ready to be harvested 
40 tons/ha 
Cane ready to be harves t ed 
Harvesting and transporting 
To t a l Cos t a t Mill 
Average price paid at mill 
I,ess cos ts for cane 
Return 
Pre- harves t interest cos t s 
Net return per ton 
Percentage of price paid at mill returned to the 
producer fo r the 5th yea r = 33.15% 
Source: Guabira', Cane Office, February, 1971. 
91 
$b2 ,600. 
$bl 1 890. 
$b 710. 
$b 300 . 
230 . 
$b 530. 
$b 13. 25/ton 
29.00/ton 
Sb 42.25/ton 
Sb 65.00/ton 
42.25/ton 
$b 22.7 5/ton 
l. 20 
$b 21. 55 
Summa r y of Table la, Appendix B 
Annual cost per hectare delivered at the mill 
$b 
1 - $b 2,470 . 
2 - 2,470. 
3 - 2, 130. 
4- 2,035. 
5 - 1, 890. 
$bll,045. Total 
Average 
C. r oss Return/Ha. 
______ __j_L _____ _ 
1 - $b 3 ,900. 
2 - 3 , 900. 
3 - 3 , 250. 
4 - 2, 925. 
5 - 2,600 . 
$bl6 , 575 
$b2,209. 
Yie ld 
Tons/Ha. 
1 - 60 
2 - 60 
3 - 50 
4 - 45 
5 - ____iQ_ 
255 Total 
Ave rage 
Net Return/Ha. 
$b 
1 - $bl,430. 
2 - 1,4 30 . 
J - 1,070. 
4 - 890 . 
5 - 710. 
$b5,530. Total 
92 
5/tons/ha . 
Total 
Average $b3 , 315. Average 
$bl,l06 . /ha. 
Average deliverd at the mill cost per ton $b43 .31 
Average yie ld per hectare = 51 tons 
Average net return per ton $h21.68 
Average price paid at mill $b65 /ton 
Average return to investment per ton= 33.35% 
So urce: Carlos Castro, Cane Manager. Guabira' Hill, 1971. 
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Table lb. Evaluation of one hectare of forested land, within a 15 kilo-
meter radius of the Guabira' Mill 
The value of 1 hectare of lanJ in this zone is $bl,500. 
The investment required for 1 hectare of sugar cane 
grown on plowed land. 
1st Stage 
Forest removal with 07 tractor 
Plmving 
Harrowing 
Pre-seeding land preparation 
Seed 
Hand Seeding 
Seed-covering by machine 
12 hrs. @ $b300/hr. 
4 hrs. @ $b 60/hr. 
2 hrs. @ $b 60/hr. 
1 1/2 hrs. @ $b60/hr . 
7 tons @ $b 60/ton 
Total Investment for 5 years (pro-rated) 
2nd Stage 
l machine cultivation 2 hrs. @ $b60/hr . 
2 manual weedings between furrows @ $b60/hr. 
$bl6/ton @ 70 ton/ha 
= $bl3/ton @ 70 tnn/hu 
Average harvesting cost 
Transportntion cost 
Total lst Year Expenses 
lst Year 
Expenses of the 1st Year 
Social Benefits for Workers 
Pro-rated fixed investment 
Total Investment 
70 tons/ha. @ $b65/ton 
Total Investment 
Net Return 
NOTE: The costs for the 1st and 2nd Year wl 11 he the 
same because the yields are equal. 
$b3,600. 
240. 
120. 
90. 
420. 
90. 
30. 
$b4 ,590. 
Sb 120. 
120. 
1,120. 
910. 
$b2,270. 
$b2,270 . 
50. 
918. 
$b3,238. 
$b4,550. 
3,238 
$hl,Jl2/ha. 
Table l b. Continued 
Cost Per Ton 
Cultivating and weeding 
Pro-rated expense 
Total 
$bl,l42 = $bl'.54/ton d b h d 70 ton/ha. n rea y to e arveste 
Cane ready to be harvested 
Harvesting and transportin g 
Total Cost at the Mill 
Average price paid for cane at th e mill 
Less costs for cane 
Return 
Interest on pre-harvest loans 
Net return per ton 
Percentage of price paid at mill returned to 
producer for 1st and 2nd year= 28 .1% 
3rd Year 
Average production = 55 tons/ha. 
1 machine cultivation 
2 manual weedings between 
Harvesting 
2 hrs. @ $b60/hr. 
furrows @ $b60/ha. 
Transpor ting 
Total 3rd Year Expenses 
Expenses of the 3rd Year 
Social Benefits for Workers 
Pro-rated Fixed Investment 
Total Investment 
Cost Per Ton 
Cultivating and Weeding 
Pro-rated expense 
Total 
$bl6/ton @ 55 t on/ ha . 
@ $bl3/ ton 
$b 240 . 
918. 
$bl,l58. 
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$b 16.54/ton 
$b 
$b 
$b 
$b 
$b 
29.00/ton 
45.54/ton 
65.00/ton 
45.54/ton 
19.46/ton 
1. 20 
18.26 
120. 
120 . 
880. 
715 . 
$bl,835 . 
$bl,835. 
50. 
918. 
$b2 ,803. 
~bJ,l58 
Table lb. Continued 
i!>.l.....l2!' = $b2l.Oo/ton read y to be hnrvcst ed 55 tons 
Cane read y to be ha rvest ed 
Harvesting and transporting 
Total Cost at the Mill 
Average price paid for cane a t t he mil l 
Less costs for cane 
Return 
Int e rest on pre-harves t loans 
Net return per ton 
Percentage of pr icc paid a t mill returned to 
producer fo r 3rd Yea r = 21.15% 
4th Year 
Average production = 45 tons/ha. 
95 
$b 21.05/ton 
29.00/ton 
$b 50.05/ton 
Sb 65.00/ton 
SO .05/ton 
$b 14.95/ton 
1.20 
$b 13.75 
1 machine cultivation 2 hrs. @ $b60/hr. $b 120. 
120. 
720 . 
585. 
2 manual weedings between 
Harves ting 
furrows @ $b60/ha. 
Transporting 
Total 4th Year Expenses 
Expenses of the 4th Year 
Social Benefits for Workers 
Pro-rated fixed investment 
Total Investment 
Cost Per Ton 
Cu ltivating and Weeding 
Pro-rated expenses 
Total 
$b16/ton @ 45 tons/ha. 
@ $bl3/ton 
$bl, 158 - $b25.73/ton ready to be harvested 45 tons -
$bl,S45. 
$b1 ,545. 
50. 
-~ 
$h2,Sl3 . 
$b 240. 
918. 
$b1,158. 
Table lb. Continued 
Cane r eady to be harvested 
Harvesting and transporting 
Total Cost at Mill 
Average price paid for cane at mill 
Less costs f or cane 
Return 
Interest on pre-harvest loans 
Ne t return per ton 
Percentage of price paid at mill returned to 
producer for 4th Yea r= 13.95% 
5th Yea r 
Average production = 40 tons/ha. 
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$b 25 . 73/ton 
29.00/ton 
$b 54 . 73/ton 
$b 65.00/ton 
54 . 73/ton 
Sb 10 . 27/ton 
1.20 
Sb 9.07 
1 machine cultivation 2hrs. @ $b60/h r . $b 120. 
120 . 
640 . 
520. 
2 manual weedings betwee n 
Ha rvesting 
f urrows @ $b60/hr . 
Transporting 
To tal 5th Year Expense s 
Expenses of the 5th Year 
Social Benefits for Workers 
Pro-ra ted fixed i nvestment 
Total Investment 
Cost Per Ton 
Cultivating and Weeding 
Pro-rated expenses 
Total 
@ $bl6/ton , 40 t on/ha. 
@ $blJ / ton 
$bl,lS8 = $b28.95/ ton ready to be harvested 40 tons 
Cane ready t o be harvested 
Harves ting and transport ing 
To tal Cost at Mill 
$bl,400 . 
$bl, 400. 
so . 
918. 
$b2 , 368. 
$b 240. 
918. 
$bl,l58. 
$b 
$h 
21l . 95/ton 
29.00/ton 
57 . 95/ton 
Table lb . Continued 
Average price paid for cane a t mill 
Less Costs for cane 
Return 
Interest on pre-harvest loans 
Net return per ton 
Percentage of price paid at mill returned to the 
producer for the 5th Ypar = 9 .00% 
Source: lngenio Guabira', February, 1971. 
$b 
$b 
$b 
97 
65.00/ton 
57.95/ton 
7.05/ton 
1. 20 
5.85 
Summary o f Table lb, Appendix B 
Annual cost per hectare delivered at the mill 
$b 
1- $b 3, 222. 
2- 3, 222. 
3 - 2,787. 
4- 2,497. 
5 - 2,352 . 
$bl4,080 . Total 
Yield/Ha. 
Tons 
1 - 70 
2 - 70 
3 - 55 
4 - 45 
5 - 40 
280 
98 
Average $b2 , 816. 
To t al 
Average 56 tons/ha. 
Gross Re turn/Ha. 
$b 
1 - $b 4. ';50. 
2 - 4, 550. 
3- 3,575. 
4 - 2, 925. 
5 - __ ..b...§_QQ_,_ 
$bl8 , 200. To tal 
Average $b3,640. 
Average delivered at the mill cost per 
Average yie ld per hectare = 56 tons. 
Average net return per ton $bl4. 71 
Average price paid at mill $b65./ ton. 
Net Return/Ha. 
$b 
1 - $bl,328. 
2 - 1,328. 
3 - 788. 
4 - 428. 
5 - 248. 
$b4 ,120. 
ton $b50 . 29. 
Total 
Average 
Average net return t o investment per ton 22.63% 
Source: Carlos Castro, Cane Manager, Guabira' Mill, 1971. 
$b824. 
